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ABSTRACT 
This thesis is concerned with the synthesis and reactivity of condensed polyaza 
heterocycles as potential new DNA binding/intercalating agents. In particular, the 
use of isoxazoles as key intermediates in the synthesis of polyfunctionalised 
quinoline derivatives followed by the annulation of these latter derivatives is 
described. 
1 ,3-Dipolar cycloaddition reactions of 2-nitrobenzonitrile N-oxide with conjugated 
alkynes or alkenes or its conjugate addition with active methylene anions gave 3-(2-
nitrophenyl)isoxazole derivatives. Reduction of the nitro-group and cyclisation 
through a suitable substituent in the 4 position of the isoxazole ring afforded 
functionalised isoxazoloquinoline derivatives, reductive cleavage of the isoxazole 
ring 1ch released masked ortho-amino-carbonyl functionality thus providing 
access to a variety of novel polyfunctionalised quinoline derivatives. 
Heteroannulation reactions of 4-amino-I , 2-dihydro-2-oxoquinoline-3-carboxamide 
and of its 1-hydroxy analogue gave functionalised pyrimido[5,4-c]quinoline and 6-
hydroxypyrimido[5,4-c]quinoline derivatives respectively, while heterocyclisation 
reactions of ethyl 3-(4-amino-1 ,2-dihydro-2-oxoquin-3-yl)-3-oxopropionate and of its 
1-hydroxy analogue afforded pyrido[3,2-c]quinoline and 6-hydroxypyrido[3,2-
c]quinoline derivatives respectively. The reactivity of these potential new DNA 
bind ing/i ntercalati ng agents was also briefly examined. 
The nucleophilic displacement reactions of the peri substituted 4,5- 
dichloropynimido[5,4-c]quinoline with a variety of mono- and dinucleophilic agents 
(viii) 
were the subject of substantial investigations yielding a variety of novel 4,5-
disubstituted and 4,5-annulated pyrimido[5,4-c]quinoline derivatives. 
In addition, nucleophilic substitution reactions of 2,4,5-trichloropyrimido[5,4-
c]quinoline and 2,4,5-trichloropyrido[3,2-c]quinoline were the subject of a brief 
examination in the course of which they were converted into a number of new 2,4,5-




Substantial progress has been made in designing small molecules which associate 
with DNA and in understanding their mode of binding. However, despite the fact that 
the major groove of DNA is more information rich then the minor groove and is 
considered to be the primary recognition site for DNA-binding proteins, there are 
only a few examples of small molecules which bind to the major groove of DNA. 
There is therefore substantial interest in molecules which can interact in a sequence 
specific manner with the major groove of DNA. 
The following thesis is concerned with the development of a new general method for 
the synthesis of polyfunctionalised quinoline derivatives by use of isoxazoles as key 
intermediates and the investigation of these compounds in heterocyclic chemistry 
leading to condensed polyaza heterocycles with DNA binding/intercalating potential. 
By way of introduction, Chapter 1 provides a survey of the binding of small 
molecules to DNA. This is followed in Chapters 2 to 4 by an account of the results 
obtained in the present studies. 
(x) 
CHAPTER 1 
THE BINDING OF SMALL MOLECULES 
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I The Binding of Small Molecules to DNA 
1.1 Introduction 
Deoxyribonucleic acid (DNA) is the carrier of genetic information and many genetic 
diseases arise as a result of abnormal gene expression. DNA binding ligands that 
could bind to any predetermined DNA sequence with affinities and specificities 
comparable to those of natural DNA binding proteins, would have the potential to 
regulate the expression of specific genes, and thus, heal genetically based 
diseases. Such ligands could be assembled by linking together small molecules 
which bind to specific base pairs creating DNA binding ligands which potentially 
could target any desired sequence of DNA. However, in order to design such 
ligands we need to understand the origins of sequence selective DNA binding by 
small molecules and develop molecules which are able to bind to any of the four 
Watson-Crick base pair combinations with high selectivity and affinity. 
1.2 Structure of DNA 
The hereditary material, deoxyribonucleic acid (DNA) is a linear biopolymer and the 
basic repeating moieties (Figure 1) are nucleotides, which are the 5'-phosphate 
esters of nucleosides. These are composed of a cyclic furanoside-type sugar, 1-13-
2'-deoxyribose, which is connected at Cl' by a 1-gIycosyl linkage to N-9 of a purine 
base (adenine or guanine) or to N-I of a pyrimidine base (cytosine or thymine). The 
structure of DNA 13 was established by Watson and Crick based on the following 
information. Todd's work4 established that nucleotides are linked together via 3',5'-
phosphodiester to produce a linear polymer. Chargaff and co-workers 5 showed that 
in DNAs of varying base composition, the ratios adenine/thymine and 
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displayed a very strong meridional reflection at 3.4 A distance, indicating that the 
bases are stacked one upon the other. 6 Gulland 7 concluded on the basis of 
electotitrimetric studies that the bases were linked by hydrogen bonding. New X-ray 
diffraction data obtained in Wilkins' laboratory suggested that DNA was a helical 
molecule and is able to adopt several different conformations depending on the 
relative humidity and counterion present. 8 All of this information was rationalised by 
Watson and Crick, who proposed a structure for DNA comprising a right-handed 
double stranded helix with specific, hydrogen-bonded base-pairs (Figure 2) of 
adenine with thymine (A-T) and guanine with cytosine (G-C). The base-pairs were 
stacked along the centre of the double helix and sugar phosphate back-bones 
winding in antiparallel orientation along the periphery forming a major and a minor 
groove as the secondary structural features of DNA. 910 The elucidation of the 
structure of DNA was honoured in 1962 with the Nobel prize in chemistry, which 
was shared between Crick, Watson and Wilkins. 
In the early stages of the investigation of DNA secondary structure (Figure 3) two 
distinct conformations of DNA double helix were identified. At low humidity and high 
salt concentration the favoured structure is the A form of DNA while at high humidity 
and low salt concentration the dominant structure is B-DNA. 12 From the point of 
view of ligand binding the most significant distinctions between the A and B forms of 
DNA are the dimensions of the major and minor grooves and the disposition of the 
base pairs with respect to the helix axis. The more common B-DNA possesses a 
wide major groove and a narrow minor groove of approximately the same depth and 
the base pairs are orthogonal to the helix axis and lie in the centre of the structure. 
A-DNA is characterised by a deep and narrow major groove and a wider, shallower 
minor groove and the base pairs are tilted and displaced from the helix axis, which 
lies in the major groove, so that the double helix has a cylindrical hole running down 
its middle. Notably, different regions of the base pairs are exposed in the major and 
minor grooves of the A- and B-forms of DNA.1 ,2 
Later, fibre diffraction studies with synthetic DNA's revealed a variety of additional 
helical forms, making it clear that DNA secondary structure can be sequence 
dependent. 1,2  The discovery of the left handed Z-DNA (Figure 3), which contains a 
zigzag sugar-phosphate backbone and possesses a very deep and narrow minor 
groove and almost no major groove, was one of the first dramatic results to stem 
from the synthesis of oligonucleotides in sufficient quantity for crystallisation and X-
ray diffraction analysis. Since then, many oligonucleotide structures have been 
solved and these have provided the details on which standard DNA structures are 
now based.2 ' 11 For right-handed helix structures, Calladine and Drew have 
formulated rules for relating base-pair sequence to structure based on interstrand 
purine-purine steric interactions in terms of base pair twist, roll and slide 
parameters. 3 ' 12 The most notable findings for B-DNA are that AT-rich sequences 
are characterised by a narrower minor groove and a wider major groove relative to 
idealised B-DNA, while in contrast, GC-rich sequences are characterised by a 
relatively wide minor groove and a narrow major groove when compared to the 
idealised B-DNA structure. This flexibility and conformational variability of duplex 
DNA have been shown to play a major role in sequence-selective ligand binding. 
1.3 Binding Modes of Small Molecules with DNA 
There are three main locations of binding and recognition present in double 
stranded DNA. These are the phosphate backbone, the major groove and the minor 
groove. 13 ' 14 Complementary electrostatic interactions with the phosphate 
backbone are generally considered to contribute towards increased binding affinity 
rather than sequence selectivity, although there are a growing number of examples 
7 
of protein-DNA binding that may rely on sequence-dependent phosphate 
interactions. 
The major and minor grooves differ significantly in electrostatic potential, hydrogen 
bonding characteristics, steric effects, and hydration. The major groove contains the 
largest number of recognition sites and is considered to be the primary recognition 
site for proteins. The recognition sites for the A-T base pair are adenine N-7 and the 
thymine C-4 carbonyl group as hydrogen bond acceptors, the adenine C-6 amino 
group as a hydrogen bond donor with the thymine methyl group providing stabilising 
van der Waals interactions. For the G-C base pair the recognition sites in the major 
groove are guanine N-7 and the guanine C-6 carbonyl group as hydrogen bond 
acceptors and the cytosine C-4 amino group as a hydrogen bond donor. The minor 
groove is considered less information rich but nonetheless, the importance of minor 
groove binding for a growing number of proteins has been established. 15 In the 
minor groove the G-C base pair has guanine N-3 and the cytosine C-2 carbonyl 
group positioned to act as hydrogen bond acceptors and the guanine C-2 amino 
group available to behave as a hydrogen bond donor. On the other hand only 
adenine N-3 and the thymine C-2 carbonyl group are available to act as hydrogen 
bond acceptor sites for the A-T base pair. 
Both reversible and irreversible interactions of small molecules with duplex DNA 
have been observed and examined, and in many instances, subsequent chemical 
reactions, including the alkylation or cleavage of duplex DNA, have been observed. 
The reversible binding modes have generally been divided into three major 
classes. 16 
1.3.1 Electrostatic Binding 
Stabilising electrostatic interactions of polycationic agents, including polyamines, 
with the negatively charged phosphates located in the DNA backbone convey 
affinity but little or no selectivity for DNA binding by many agents. 16 
1.3.2 Groove Bindinci 
A second and classic binding mode involves agents which associate in the minor or 
major groove of DNA. Most groove binding agents studied to date associate with 
the minor groove. Sequence-selective binding in the minor groove has been shown 
to depend on a combination of hydrogen-bonding, van der Waals and hydrophobic 
contacts, and electrostatic interactions. Hydrogen-bonding is not regarded as 
providing the bulk binding affinity but rather as providing binding selectivity through 
further stabilisation and orientation of the agent in the complex. Typically, minor 
groove binding molecules have several aromatic rings such as pyrrole, furan, or 
benzene connected by bonds with torsional freedom. This creates compounds 
which, with the appropriate twist, can fit into the helical curve of the minor groove 
with displacement of water from the groove. Many minor groove binding agents 
show preferential binding to AT-rich regions versus GC-rich regions of the minor 
groove. 
Major factors contributing to the AT-rich minor groove binding selectivity are the 
narrower width of the minor groove in AT-rich regions compared to GC-rich regions 
and the absence of the exocyclic C-2 amino group of guanine above the floor of the 
minor groove in GC regions, allowing tighter and deeper binding of the agent in the 
AT-rich minor groove. 16 
1.3.3 Intercalation 
Planar polycyclic aromatic cations have been shown to associate with DNA by 
intercalating between two base pairs, 168 a process first described by Lerman.9 
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Intercalation causes elongation of the DNA chain and local helix unwinding. This 
local distortion of duplex DNA is commonly spread over several base pairs and 
includes conformational changes in the adjacent sequences, which result in 
pronounced alteration of DNA structure. This is especially true relative to the effects 
of groove binding agents, which produce less pronounced or undetectable structural 
perturbations on the local or global DNA structure. 
The extent of the helix distortion induced by intercalatively bound agents is variable, 
with unwinding angles typically falling in the range of 10-26 0 and with increases in 
the length of the DNA varying between 170 pm and 340 pm per base pair for the 
binding of mono functional compounds. For simple intercalators, saturated binding 
is observed at two base pairs per bound agent and has been interpreted in terms of 
a neighbour exclusion mode in which intercalation precludes simultaneous 
occupation of an immediately adjacent site. 20 
- 	1.4 Noncovalent Binding Agents 
Most groove binding agents studied bind in the minor groove of DNA and the typical 
minor groove binding agents (Figure 4) are netropsin (1), distamycin (2), and the 
structurally related lexitropsins [e.g. (3)]. 
The naturally occurring antitumor antibiotics netropsin 21 (1) and distamycin22 (2) 
were among the first agents to be identified to bind in the minor groove of DNA and 
they have been the focus of extensive investigations. 23 ' 24  They are crescent-
shaped molecules which fit the helical curve of the minor groove of DNA. Netropsin 
(1) contains two N-methylpyrrole carboxamide moieties and two cationic charges, 
one at each end of the structure, while distamycin (2) contains three N-
methylpyrrole carboxamide components and only one positive charge. These 
ligands bind deep in the minor groove of B-DNA, spanning four [netropsin (1)] or 
ii 
five [distamycin (2)] base pairs with a strong preference for AT-rich sequences. 25 A 
combination of directed hydrogen-bonding, and hydrophobic, van der Waals, and 
electrostatic interactions is considered important in the binding and recognition of 
DNA by netropsin and distamycin. 26 ' 27 Distamycin (2) is also capable of 
cooperatively binding to AT-rich regions of DNA to form 2:1 complexes where two 
molecules bind side-by-side in an antiparallel fashion in the minor groove. 2829 
Considerable efforts have been made to synthesise analogues of netropsin (1) and 
distamycin (2) that may be capable of binding tightly and specifically to any desired 
target sequence of DNA. Such analogues are called lexitropsins. 24 ' 30 Specific G-C 
binding was achieved for polyamides containing N-methylpyrrole (Py) and N-
methylimidazole (Im) amino acid residues [e.g. (3)], which bind to DNA as 2:1 
complexes in which the polyamides bind side-by-side in an antiparallel fashion in the 
minor groove.31 ,32  Based on these findings paring rules have been developed to 
facilitate the rational determination of the sequence-specificity of the minor groove 
binding of these agents. 33 An imidazole ring in the ligand contacting the G strand, 
with a paired pyrrole on the C strand, accomplishes sequence specific recognition 
of G-C base pairs while reversing the rings (Py/Im) recognises a C-G base pair. A 
Py/Py pair specifies A-T/T-A from G-CIC-G but does not distinguish A-I from T-A. 
A recently published X-ray structure of lmlmPyPy polyamide (3), which bound the 
target GGCC sequence specifically as an antiparallel dimer, provided the structural 
basis for G-C base pair recognition in the minor groove of DNA. 34  This structure 
showed little overall distortion of the DNA upon binding. The imidazole and the 
amide hydrogens of the polyamides form a series of hydrogen bonds with the edges 
of the bases on the adjacent DNA strand. Py/Im and Im/Py parings are able to 
distinguish between G-C and C-G, despite the central placement of the exocyclic 
guanine C-2 amino group in the minor groove. The neighbouring Py packs the Im to 
the G-strand side of the minor groove which results in a precisely placed hydrogen 
bond between the Im N-3 and the guanine C-2 amino group for specific recognition. 
Contributing to the affinity, rather than specificity, of the polyamide ligand for DNA, 
the amide units linking the heteroaromatic rings contribute hydrogen bonds to the 
purine N-3 or pyrimidine C-2 carbonyl group and several van der Waals and 
hydrophobic contacts were also observed. The structure also suggests that the. 
curvature of the ligand is a little too large to fit the curvature of the minor groove 
perfectly in longer ligands. 
The linking of ligands to avoid slipped binding modes and to favour side-by-side 
binding entropically led to substantially higher binding affinities and the optimum 
solution seems to be to link two strands head-to-tail to afford a class of hairpin 
oligopeptides with enhanced affinity and sequence specificity. 35 Four ring 
polyamide subunits, covaleritly linked by 4-aminobutyric acid to form eight-ring 
hairpin structures, bind now routinely and specifically to six base pair target 
sequences at subnanomolar concentration. While the combination of imidazole and 
pyrrole effectively achieves G-C base pair recognition, the Py/Py combination is 
dyslexic, reading both T-A and A-T. 37 In a recently published paper it was shown 
that eight ring hairpin polyamides containing the new amino acid, 3-hydroxy-N-
methylpyrrole (Hp) can now correct this problem. 38 They showed that a Hp/Py pair 
binds with much higher affinity when Hp is against the T strand rather than the A 
strand and the combinations with Hp have only slightly lower affinities for DNA than 
Py/Py, so very tight binding can still be achieved. By incorporation of this third 
amino acid, hydroxypyrrole-imidazole-pyrrole polyamides form four ring-pairing 
(Im/Py, Py/Im, Hp/Py, and Py/Hp) which now allow the distinction of all four Watson-
Crick base pairs (G-C, C-G, T-A, and A-T, respectively) in the minor groove of DNA. 
13 


































A length of penta amides seems to be the limit that retains both high specificity and 
affinity because of overwinding of the polyamide helix in relation to the DNA helix, 
but it is possible to extend the recognition sequence by linking DNA binding 
subunits together with flexible linkers. Recognition of 15-16 base pairs is necessary 
in order to specify a single site within the three billion base pair human genome 39 
and the capability of linked DNA binding subunits to bind up to 16 base pairs40 and 
sequence specific binding of 13 base pairs41 has been demonstrated. It was also 
shown that these compounds can enter cells, when added to the surrounding 
growth medium and are able to compete with proteins for binding sites in DNA 42 
observations which offer exciting prospects for the future. 
There are a number of other minor groove binding agents (Figure 5) exemplified by 
Hoechst 33258 (4), the family of heterocyclic bisquarternary ammonium salts [e.g. 
(5)], and the aromatic diamidines [e.g. (6)-(8)] all of which show preferential binding 
1 to AT-rich sequences of DNA for the previously discussed reasons (see section 
1.3.2, p.9). 
The fluorescent chromosomal stain Hoechst 33258 (4) binds strongly and 
selectively to AT-rich minor groove sequences of DNA spanning four base pairs. As 
in the case of netropsin and distamycin, Heochst 33258 (4) has a crescent shape 
with hydrogen bond donating groups on the inner face. Its binding involves 
hydrogen bonds from the benzimidazole NH group to the C-2 carbonyl oxygen of 
thymine and N-3 of adenine. 43 There is also some evidence for intercalative 
binding of Hoechst 33258 (4) at GC containing sequences based on electric linear 
dichroism studies. 44 
SN-6999 (5) is a member of the family of heterocyclic bisquarternary ammonium 
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SN-6999 (5) is a minor groove binding agent which prefers association with four or 
more consecutive A-T base pairs. 46 The binding of SN-6999 (5) to oligonucleotides 
has been studied by nmr47 and by X-ray crystallography. 48 The nmr studies 
showed that the agent binds along the AT region in the minor groove in two 
orientations with rapid exchange between the two orientations. Crystallography 
studies support the findings of the nmr studies and illustrate that while SN-6999 (5) 
binding covers six base pairs, only four contiguous A-T base pairs are needed for 
tight binding of rings A-C with the D ring able to extend over neighbouring G-C base 
pairs. The curvature of SN-6999 (5) is much less than that of most minor groove 
binding agents and as a consequence the minor groove must straighten to 
accommodate the agent, resulting in a bend in the helix axis. 
A number of aromatic diamidines (Figure 5) bind in the minor groove of DNA at AT 
sequences in a manner similar to netropsin. 49 ' 50 As a class these compounds 
have excellent biological activity as drugs against a variety of micro-organisms. 
Berenil (6) and compounds of related structure have anti-trypanosomal 
activity,49 ' 51 while pentamidine (7) is in clinical use against Pneumocystis carinii 
pneumonia, a common opportunistic infection of AIDS patients. 49 ' 52 4,6-diamidino-
2-phenylindole (DAPI) (8) which was synthesised in an attempt to produce 
analogues of berenil (6) shows a dramatic increase in its fluorescence quantum 
yield upon binding and is therefore frequently used as a DNA probe. 50 '53 DAPI 
also shows intercalative binding to GC-rich sites with intercalation taking place from 
the major groove. 54 - 
The aureolic acid class of antitumor antibiotics (Figure 6) of which chromomycin A3 
(9) is the most studied, are composed of a partially aromatic chromophore 
substituted with a hydrophilic side chain and di- or trisaccharide segments attached 












































agents chromomycin A3 (9) shows preferential binding 56 with the DNA sequence 
5'-NGCN with a preference for N = C or G. Nmr studies 57 showed it to bind to the 
central 5'-GGCC segment of 5'-d(TTGGCCAA)2, as an octahedral 2:1 complex 
involving co-ordination of Mg 2 with the keto group and the adjacent ionised 
phenolic hydroxyl group. The GC specificity is attributed to specific hydrogen bonds 
between the uncoordinated hydroxy groups of the aglycon and the C-2 amino group 
and N-3 of guanine. 
1.5 Covalent Binding Agents 
Agents which react covalently with DNA may derive their selectivity from a 
combination of non-covalent binding and covalent bond formation. Many covalent 
binding agents have to be metabolically activated in order to covalently bind to DNA 
and most covalent binding agents studied behave as electrophiles. There are 
several nucleophilic sites within the four DNA bases available for covalent bond 
formation and the relative reactivity of these nucleophilic sites may control or impart 
the observed selectivity. While many DNA alkylating agents (e.g. mitomycin C) 
exhibit clinically useful antitumor activity, other DNA alkylating agents (e.g. aflatoxin 
BI) are mutagenic or carcinogenic. The similarities and differences among such 
agents and their interaction with DNA is poorly understood and is an important topic 
of current research. 5859 
A large group of alkylating agents (Scheme 1) covalently bind to DNA through 
interaction with a strained three-membered ring (epoxide, aziridine, and 
cyclopropane) present in the binding agent. The three-membered ring can either be 
already present in the covalent binding agent or is formed prior to covalent binding. 
An example (Scheme 1) of a group of agents, which bind covalently to DNA after 
metabolic epoxidation are the aflatoxins [e.g. (10)], extremely potent mutagens 
19 
implicated in human carcinogenesis. 60 Bio-activation of aflatoxin Bi (10) is believed 
to be the result of epoxidation by cytochrome P-450, giving rise to the aflatoxin 131-
exo-8,9-epoxide (11) along with small amounts of the endo-isomer. Only the exo-
isomer (11) is mutagenic and it seems likely that this metabolite intercalates into the 
DNA helix with optimal orientation for an SN2 reaction with N-7 of a proximate 
guanine residue to give the covalently linked adduct. 61 
Examples of alkylating agents based on aziridine functionality (Scheme 1) are the 
nitrogen mustards [e.g. (12)] and the mitomycins [e.g. (14)]. Nitrogen mustard, 
mechlorethamine (12), was one of the first clinically useful antitumor substances. 62 
The highly electrophilic nitrogen mustards primarily react with the most nucleophilic 
site in DNA, namely the guanine N-7 position in the major groove forming 
monofunctional and bifunctional adducts. 63 This process is generally considered to 
involve (Scheme 1) the formation of a positively charged aziridinium ion 
intermediate (13). Nitrogen mustards linked to a variety of DNA-binding ligands (e.g. 
quinacrine, acridines, amsacrine, anthraquinone, dystamycin and analogues, 4-
anilinoquinoline, and spermine) have been investigated in an effort to change 
sequence specificity, increase potency and decrease genotoxicity due to increased 
cross-linking efficiency. 59 
The mitomycins (Scheme 1) are naturally occurring antitumor agents the best 
studied of which is mitomycin C (14). This compound is widely used in clinical 
anticancer chemotherapy against a broad spectrum of solid tumours. 64 Mitomycin 
C (14) requires enzymatic reduction of its quinone function to initiate a series of 
transformations whose mechanism has been studied in some detai1 65 and results in 
monofunctional and bifunctional alkylation of DNA with a remarkable selectivity for 
the guanine C-2 amino group. 
20 


















An example of covalent binding agents with a cyclopropane functionality (Scheme 
1) is (+)-CC-1 065 (15) which is a member of one of the newest classes of agents 
that alkylate DNA. 66 Given their remarkable cytotoxic potency, substantial efforts 
have been devoted to defining their properties. Their biological activity has been 
attributed to sequence-selective binding in the minor groove of DNA followed by 
covalent bonding. This involves (Scheme 1) nucleophilic ring opening of the 
cyclopropane ring by attack of adenine N-3 at the least substituted cyclopropane 
carbon atom with aromatisation of the indole system. Antibiotics such as (+)-CC-
1065 (15) have been shown to be highly selective for AT-rich sequences in DNA. 67 
There are also a large number of alkylating agents which react with DNA via an 
imine functionality (Scheme 2) an example being anthramycin (16) which is a 
member of the potent pyrrolo [2,1-c] [1,4] benzodiazepine antitumor antibiotics. 68 
This group of agents bind to the 0-2 amino group of guanine and show sequence 
selectivity for 5'-PuGPu. Anthramycin (16) forms the. imine (17) by in situ 
dehydration and susequent nucleophilic attack of the guanine C-2 amino group 
gives the bound aminal linked DNA addüct. 69 
A further group of covalent binding agents (Scheme 2) are the dichloroplatinum(ll) 
agents [e.g. (18)].70  Rosenberg's discovery 71 of the cytotoxicity of cis-
diaminedichloroplatinum(lI) (18) has been carefully developed to make cisplatin (18) 
the reagent of choice for the successful chemotherapy of testicular cancer. The 
cisplatin DNA adducts are predominantly formed by intrastrand cross linking 
involving interaction of both chlorine atoms in the cisplatin (18) with the N-7 atom of 
adjacent guanine residues. 72 However, cisplatin has severe side-effects and many 
analogues have been investigated in attempts to reduce the toxicity of such agents 
and to improve their activity, with some encouraging results. 73 
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1.6 Intercalating Agents 
The insertion of a planar chromophore between two DNA base-pairs stabilises, 
lengthens, stiffens, and unwinds duplex DNA. 17 This change in the structure of 
DNA may influence protein-DNA interactions which in turn may account for their 
biological activity. 18 Many of the intercalating agents used in the clinic as antitumor 
agents are active due to their inhibition of topoisomerase II. Topoisomerases 74 are 
responsible for the winding and unwinding (supercoiling) of DNA. Their discovery 
gave a clue to the mechanisms used by cells to overcome some of the problems 
resulting from DNA twisting. As their functions are revealed, these enzymes can be 
seen as central to most of the events involving DNA, gene expression and growth of 
cells. Consequently, they are good potential targets for anticancer drugs. Two main 
types of topoisomerases exist in eukaryotic cells and both types bind to DNA. Type I 
DNA topoisomerses transiently nick and reseal one strand of double-stranded DNA 
and they relax the DNA by passing the intact strand through the nick. On the other 
hand type II DNA topoisomerses nick and reseal both strands of double-stranded 
supercoiled DNA and they relax the DNA by passing one double-stranded section of 
the DNA through the transient break to reduce supercoling. The formed, open 
protein-DNA complexes are the targets for anticancer drugs that act upon 
topoisomerases and inhibit the resealing of DNA, sometimes contributing to 
successful chemotherapy. 
In contrast with the AT preference of many minor groove binding agents most 
simple intercalators display either no base-pair binding preference or a slight GC 
base pair preference. It has been suggested that the general GC preference of 
simple intercalators is due to the larger intrinsic dipole moment of GC relative to AT 
base pairs and the resulting ability of GC base pairs to induce polarisation in the 
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1.6.1 MonointercalatinQ Agents 
Simple acridine intercalators (Figure 7) such as proflavine (19), bind to DNA with 
their entire structure inserted between and parallel with the base pairs, with no 
binding in the grooves. 76 Many derivatives of 9-aminoacridine (20) have antitumor 
activity, and several find use in the treatment of human diseases. For example 
amsacrine (21) which is the best known example of many 9-anilinoacridines that 
have been investigated for antitumor activity, was the first synthetic DNA 
intercalator to find widespread clinical use. 77 
A large range of cytotoxic pyrido[4,3,2-mn]acridine alkaloids 78 (Figure 7) of similar 
structural type, [e.g. shermilamines (22), varamines (23), and dercitins (24) and 
kuanoniamines (25)] have been isolated from marine sources. 7981 The occurrence 
of compounds of such similar basic structure in so many unrelated animal phyla has 
been noted, and it has been suggested that they may actually be produced by 
common symbionts. 82 Many of these compounds show potent cytotoxicity in cell 
culture and they have been shown to inhibit topoisomerase 11. 83 
The polycyclic aromatic dye (Figure 8) ethidium (26) binds to DNA by intercalation 
with very little selectivity. It has been used as a valuable biophysical tool in the 
detection and quantitation of duplex DNA and in the study of DNA-substrate 
interactions. It exhibits an intense fluorescence upon binding that can be used to 
quantitate duplex DNA and its displacement from DNA has been used for the 
indirect measurement of binding constants. 84 
The natural products (Figure 8) ellipticine (27) and its 9-methoxy derivative (28) are 
isolated from plant extracts. 85 Ellipticine is a weak DNA-binding agent, but the 
cationic N-methyl-9-hydroxyellipticine derivative (29) has been shown to possess 
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increased DNA-binding affinity and GC-selectivity. Ellipticine and its analogues 
show antitumor activity. 86 
The natural antitumor agent (Figure 8) actinomycin D (30) is the best studied 
example of the group of antibiotics comprising two cyclic pentapeptide lactone units 
attached to a phenoxazinone chromophore. 18 It binds to DNA by intercalation with 
a relatively high binding constant compared to simple intercalators. Actinomycin D 
preferentially binds to 5'-GC sites with the cyclic peptides lying above and below the 
intercalating chromophore in the minor groove, each covering three base pairs and 
actively participating in the GC-specific recognition process through hydrogen 
bonding.87 
The anthracycline antibiotics (Figure 9) make up an important class of anticancer 
compounds. 18 ' 88 The chemical structure of anthracyclines includes an aglycone 
chromophore with one or more sugar moieties attached. Daunomycin 
(daunorubicin) (31) and adriamycin (doxorubicin) (32) are widely used, clinically 
effective antitumor agents. The complex of daunomycin bound to 5'-d(CGTACG)2 
provided the first X-ray crystal structure of a mono intercalator with an 
ol igodeoxyri bon ucleotide. 89 The hexamer has two daunomycin molecules 
intercalated at each of the 5'-CG sites of the duplex with the rings B and C of the 
chromophore intercalated between the base pairs, ring D protruding into the major 
groove, and the cationic aminosugar and ring A occupying the minor groove. The 
anthracyclin antibiotic nogalamycin (33) is distinguished from other anthracyclines 
by possessing a second bicyclic aminosugar fused to ring D. 90 In contrast to 
adriamycin and daunomycin nogalamycin (33) has bulky sugars at either end of its 
chromophore and is an example of a threading intercalator. Threading 
intercalators91 in general terms have a fused aromatic ring system with bulky or 
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pass between the base pairs of the double helix resulting in a complex where the 
substituents lie in both the major and minor grooves. Nogalamycin (33) was shown 
by nmr92 and X-ray93 studies to intercalate DNA in this way, with the bicyclic 
aminosugar occupying the major groove and ring A and its sugar substituent 
occupying the minor groove. The kinetics of DNA association and dissociation for 
threading intercalators are much slower than that observed with classical 
intercalators and kinetic studies offer a good method for distinguishing between 
these two binding modes. 91 Further examples of threading intercalators are cationic 
porphyrins94, naphthalene diimides95, and certain anthracene-based agents. 96 
Anthracene-based antitumor agents (Figure 9) were developed in efforts to produce 
anthracycline analogues that lack cardiac toxicity. 18 ' 97 An example of such agents 
is mitoxantrone (34), a I ,4-disubstituted anthracenedione, used in the treatment of 
breast cancer. It has been shown that mitoxantrone (34) intercalates DNA with both 
side-chains occupying the major groove. 98 
1.6.2 Bisintercalating Agents 
Interest in bisintercalating agents (Figure 10) has been stimulated by the 
expectation that their higher DNA-binding constants, slower dissociation rates and 
greater sequence selectivity could enhance their properties relative to 
moiointercalators. Moreover additional groove or backbone interactions of the 
linker joining the intercalating chromophores could provide additional opportunities 
for enhancing binding affinity and selectivity. 18 ' 7799 
Natural bisintercalators [e.g. (35)] which display antitumor activity have been 
isolated and identified. Their structures consist of two chromophores linked by a 
cyclic oligopeptide, which can adopt a conformation where the two chromophores 
are perpendicular to the peptide and parallel to each other forming a shape like a 
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stable. They have been shown to intercalate from the minor groove, spanning two 
base pairs with the cyclic oligopeptide occupying the minor groove and making 
several Van der Waals and hydrogen bonding contacts which contribute to the 
observed sequence selectivity. 18 ' 99100 An example of a natural bisintercalator is 
echinomycin (35), a member of the class of quinoxaline antibiotics, which display 
antimicrobial, antitumor, and antiviral activity. 99 
Many synthetic bisintercalators [e.g. (36)] employing chromophores such as 
acridine, ellipticine, and phenanthridine connected with flexible or rigid linkers of 
various lengths have been reported and shown to bisintercalate with DNA. 1877101 
Ditercalinium (36) for example, is a synthetic DNA bisintercalator containing two 
ellipticine moieties with a rigid bis(ethylpiperidine) linker which is currently 
undergoing clinical trails as an antitumour agent. Its antitumour activity is thought to 
result from an unusual mechanism in which incorrect nucleic acid repair by DNA 
repair systems is induced by the bound drug. An X-ray structure and nmr studies of 
a complex between ditercalinium (36) and 5'-d(CGCG)2 revealed that the two 
ellipticine moieties are intercalated between the 5'-CG steps and the rigid linker lies 
in the major groove of DNA. 102 This is one of the few examples of intercalators 
with major parts of the molecule lying in the major groove, and it is interesting that it 
has a different mechanism for its anti-cancer activity than other DNA interactive 
anti-cancer drugs such as the anthracyclines. The helix is kinked and highly 
unwound and recognition of the ditercalinium complex by DNA repair enzymes is 
probably related to these severe agent-induced distortions of the helix. 103 
Structure-activity studies have suggested a correlation between linker rigidity and 
activity. 104 
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1.7 Rationale and Strategy for the Design and Synthesis of Condensed 
Polyaza Heterocycles with DNA Binding Potential 
As discussed in Sections 1.4-1.6 of this chapter substantial progress has been 
made in designing small molecules which associate with DNA and in understanding 
their mode of binding. However, despite the fact that the major groove of DNA is 
more information rich then the minor groove and is considered to be the primary 
recognition site for DNA-binding proteins, there are only a few examples of small 
molecules which bind to the major groove of DNA and certainly none approaching 
the minor groove binding lexitropsins in sequence specificity. Most small molecules 
which have been shown to interact with the major groove of DNA contain an 
intercalating chromophore with an attached major groove binding moiety as for 
example the previously discussed monointercalator mitoxantrone (34), the threading 
intercalator nogalamycin (33) and the bisintercalator ditercalinium (36). 
There is therefore substantial interest in molecules which can interact in a sequence 
specific manner with the major groove of DNA. One approach consists in using 
oligonucleotides which bind within the major groove of double stranded DNA via 
triple helix formation. 105-107  The sequence specificity of triple helix formation is 
attributed 106 to T-AT and C-GC base-pair recognition involving Hoogsteen 
hydrogen bonding. However, although oligonucleotides and their analogues have 
been shown to interfere with gene expression, 108109 it is becoming increasingly 
evident that sequence-specific recognition of all four Watson-Crick base pairs is not 
attainable using a third strand constituted of Watson-Crick bases and their simple 
analogues. This shortcoming is evidenced by studies1 05,108,110  describing the 
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By designing (Figure 11) condensed polyaza heterocycles tailored to exploit the 
uniquely different, extended Hoogsteen hydrogen-bonding patterns of the four 
Watson-Crick base-pair combinations in the major groove of DNA it should be 
possible to bind site-specifically to all four Watson-Crick base pairs. Those 
condensed polyaza heterocycles could then be attached by suitable linker groups to 
form a synthetic polymeric strand containing heterocyclic residues which could bind 
sequence specifically within the major groove of DNA based on triple helix 
formation. The effect of this binding might be to alter or prevent the expression of 
these sequences of DNA, hopefully to the ultimate benefit of the host organism. 
Important structural requirements for the heterocyclic monomers are the presence 
of, (i) precise spatial arrangements of hydrogen-bond donor and hydrogen-bond 
acceptor groups in order to exploit, via extended Hoogsteen hydrogen-bonding, the 
uniquely different pattern of the three donor/acceptor sites associated with each 
base-pair on the floor of the major groove of DNA, namely [(a)-(d)-(a)] for AT/TA 
base pairs and [(a)-(a)-(d)] for GC/CG base pairs, (ii) tricyclic structures which have 
the correct dimensions to bind in the major groove but are too big to bind in the 
minor groove, (iii) flat delocalised structures to enable it-it stacking interactions to 
afford maximum stabilisation when the heterocyclic monomer is incorporated in a 
sequence-specific DNA polymer substrate, (iv) quaternary ammonium substituents 
to enable electrostatic binding with the phosphate backbone of DAN, and (v) 
substituents appropriate for the attachment of linker molecules to allow ultimate 
attachment of the heterocyclic major groove-binding monomer within a sequence-
specific DNA polymer substrate. 
This thesis is concerned with developing the methodology for the synthesis of 
suitable heterocyclic monomers and (Figu'1e 12) the angular pyrimido[5,4- 











































Condensed Polyaza Heterocycles 
Scheme 4 
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chosen as suitable targets. These ring systems were also chosen because they 
have been only scarcely reported in the literature 111-113 and it is therefore of 
general interest to study their synthesis and properties. Furthermore these ring 
systems (37) and (38) are closely related to the structure of well known intercalators 
such as proflavine (19), ethidium (26) and especially the pyridoacridine based 
natural products (22)-(25) and they may therefore have the capacity to interact with 
DNA also by intercalation. 
A retrosynthetic analysis based on the example of the pyrimido[5,4-c]quinoline ring 
system (37) is outlined in Scheme 3. Cleavage of the pyrimidine ring gives 4-amino-
3-carbamoylquinoline derivatives (39) which can be accessed by reductive cleavage 
of amino-isoxazoloquinoline derivatives (40). Isoxazoloquinoline derivatives (40) in 
turn can be synthesised by reduction of the nitro group of 2-nitrophenylisoxazole 
derivatives (41) followed by cyclisation with a suitable substituent in the 4 position of 
the isoxazole ring. Finally 5-amino-3-(2-nitrophenyl)isoxazole derivatives (41) are 
potentially accessible by conjugate addition of 2-nitrobenzonitrile N-oxide (42) with 
the anions of substituted acetonitriles. The required nitrile oxide (42) can be 
straightforwardly prepared by literature methods. As seen from this retrosynthetic 
analysis the main feature of this approach is to use isoxazoles as key intermediates 
for the synthesis of highly functionalised condensed heterocycles. Thus, (Scheme 
4) 1 ,3-dipolar cycloaddition between 2-nitrobenzonitrile N-oxide (42) and conjugated 
alkynes or alkenes or its conjugate addition with active methylene anions gives the 
2-nitrophenylisoxazole derivatives (43), (44) and (45) respectively. Reduction of the 
nitro group and cyclisation with a suitable substituent X affords functionalised 
isoxazoloquinolines, and cleavage of the isoxazole ring to release the masked 
functionality provides a new and potentially general strategy for the synthesis of 
polyfunctionalised quinolines. The so synthesised quinoline derivatives can then be 
heteroannulated to condensed polyaza heterocycles in various ways. 
CHAPTER 2 
INVESTIGATIONS ON THE SYNTHESIS 
OF 2-NITROPHENYLISOXAZOLE DERIVATIVES 
AND THEIR CONVERSION INTO HIGHLY 
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2 Investigations on the Synthesis of 2-Nitrophenylisoxazole 
Derivatives and their Conversion into Highly Functionalised 
Quinoline Derivatives 
2.1 Cycloaddition Reactions of 2-Nitrobenzonitrile N-Oxide with Conjugated 
Alkenes and Reductive Cyclisation Reactions of the Resulting 
Isoxazolines Cycloadducts 
Most nitrile oxides 114 are short-lived reactive species, whose normal mode of 
reaction in the absence of other reactants is dimerisation to furoxans (1,2,5-
oxadiazole-2-oxide) [e.g. (49)]. However, polymeric products and cyclic oligomers 
have also been observed and it is therefore advantageous to generate nitrile oxides 
in situ in the presence of a dipolarophile. In order to assess the stability of 2-
nitrobenzonitrile N-oxide (42) and its mode of decay it was decided to generate the 
nitrile oxide under standard conditions used for I ,3-dipolar cycloadditions but in the 
absence of a dipolarophile. 
The synthesis (Scheme 5) of the known 115 2-nitrobenzaldoxime (47) was 
accomplished by heating commercially available 2-nitrobenzaldehyde (46) with 
hydroxylamine hydrochloride in aqueous ethanol in the presence of sodium acetate 
under reflux. The aldoxime (47) was isolated in 96% yield as a pale yellow solid, the 
melting point of which corresponded to that reported in the literature. 115 
Chlorination of the aldoxime (47) with N-chlorosuccinimide in chloroform in the 
presence of pyridine gave the a-chloro-oxime (48) which was then 
dehydrohalogenated in situ to the nitrile oxide (42) by treatment with triethylamine. 
The ir spectrum of the resulting crude orange gum showed a very strong absorption 
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disappeared after the gum had been left at room temperature overnight to give a 
brown foam, analysis of which showed it to be a complex mixture. Purification by 
flash-chromatography allowed the isolation in low yield (4%) of a yellow solid, the 
combustion analysis and spectroscopic data of which is in agreement with its 
formulation as the expected 3,4-di-(2-nitrophenyl)-1 ,2,5-oxadiazole-2-oxide (49). 
2.1.1 Cycloaddition with Diethyl Maleate and Diethyl Fumarate 
The synthesis (Scheme 6) of the 4,5-yjj-2-isoxazoline (50) was carried out as a 
one pot reaction. Chlorination of the aldoxime (47) gave the a-chloro-oxime (48) 
which was converted in situ into the nitrile oxide (42) by treatment with triethylamine 
at 50° C. The nitrile oxide (42) was then reacted in situ with diethyl maleate 
at 50° C. Purification, by flash-chromatography, of the orange oil obtained after 
work up gave a yellow oil in 36% yield, whose formulation as an isomeric mixture of 
the j- and anfi-adducts (50) and (51), respectively was confirmed by examination 
of the ir, 1 H and 13C nmr spectra. The 1 H nmr spectrum shows two pairs of 
doublets for the isoxazoline hydrogens. One pair centred at 5H 5.60 and 4.83, with J 
6.2 Hz, and a second pair at 6H  5.44 and 4.94, with J 11.0 Hz. The assignment of 
this mixture as the yfl-  and j-adduct (50) and (51) is indicated by the isoxazoline 
H(4)-H(5) coupling constants; a coupling constant of J 12 Hz being 
characteristic1 16  for 4,5-syn-2-isoxazolines with one of J 6 Hz characteristic 116 for 
4,5-anti-2-isoxazolines. The integrated ratio of the H(4) and H(5) proton signals, due 
to the respective syn and anU isomers (50) and (51), showed them to be present in 
the mixture in a ratio of 2:1. 
A 1  H nmr spectrum of a four week old sample of the mixture, which had crystallised, 
showed only the presence of the anfi isomers (51). On the other hand the 1 H nmr 
spectrum of a five week old sample, which had remained as an oil showed it still to 
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be a 1:1 mixture of the anl- and §yj-isomers (50) and (51). The syn to anti 
transformation implied by these observations can be ascribed to a keto-enol 
tautomerism [(50) (51)]. Once the anfi-isoxazoline (51) starts to crystallise the 
equilibrium is shifted in its favour and the conversion [(50)-->(51)] is then complete 
and irreversible. Huisgen reported1 17  a related cycloaddition of benzonitrile N-oxide 
to diethyl maleate which also resulted in the isolation of an isomeric mixture of the 
syn- and anti-adduct; he ascribed the loss of stereochemical integrity to the 
subsequent facile equilibration of the syri-cycloadduct via a keto-enol tautomerism. 
The 4,5-anti-2-isoxazoline (51) was also obtained from the 1 ,3-dipolar cycloaddition 
of 2-nitrobenzonitrile N-oxide (42) and diethyl fumarate under the same conditions 
described previously. Purification of the orange red oil obtained by flash-
chromatography gave a yellow oil in 86% yield whose formulation as the j-2-
isoxazoline (51) is in agreement with its spectroscopic data. The 1 H nmr spectrum 
shows only two one proton doublets at 8H  5.62 and 4.85, with J 6.2 Hz, assignable 
to the H(4) and H(5) isoxazoline protons which is consistent 116 with the presence of 
only the an-diastereorner (51). The 13C nmr spectrum of the product also 
contained resonances due to only two CH groups again substantiating the presence 
of a single diastereomer. It was observed that the oily anfl-2-isoxazoline (51) slowly 
crystallised to give a yellow low melting solid (mp 55-56°C) whose combustion 
analysis and spectroscopic properties verified its assigned structure. In a repetition 
of the cycloaddition of the nitrile oxide (42) with diethyl fumarate at 0-5°C instead of 
50°C resulted in a cleaner reaction and the anfi-isoxazoline (51) was isolated as a 
yellow low melting solid by a combination of direct crystallisation of the crude 
product and chromatography of material from the mother liquor in a total yield of 
82%. 
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Heating a diastereomenc 2:1 	mixture of the isoxazolines (50) and (51), with 
a catalytic amount of triethylamine in dimethoxyethane gave a red-brown oil whose 
nmr spectrum showed it to be a 1:12 mixture of the yj- and j-isomers (50) 
and (51). This shift in equilibrium from the syn to anti isomer [(50)->(51)] can be 
explained by the greater thermodynamic stability of the -isoxazoline (51), having 
the two ester groups transoid to each other so alleviating the steric hindrance. 
Attempted hydrolysis of the an-isoxazoline (51) by heating under reflux with 
aqueous sodium hydroxide gave an intractable brown solid after extraction at acidic 
pH. Gas evolution was observed during this reaction and particularly during the 
acidification of the reaction mixture, suggesting that decarboxylation had taken 
place. In spite of intensive efforts it was not possible to purify the isolated crude 
solid. 
Oxidation of the j-isoxazoline (51) in acetonitrile with activated manganese(lV) 
oxide gave a cream coloured solid in high yield (76%), whose combustion analysis 
and spectroscopic properties are in agreement with its formulation as the isoxazole 
diester (54). 
The attempted cyclisation of the 	-isoxazoline (51) by heating with one equivalent 
of hydrazine in aqueous ethanol under reflux resu!ted in the isoIatior.-cfacoiourss 
solid whose combustion analysis and spectroscopic properties are in accord with 
the bis-J-hydrazide structure (52) rather than the alternative cyclic product (53). 
This result can be explained by the fact, that the two ester-groups in (51) are 
transoid to each other and the formation of the cyclic product (53) is therefore 
unlikely for geometric reasons. The 1 H nmr spectrum of the bis hydrazide product 
(52) showed only two one proton doublets for the isoxazoline protons centred at 8H 
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bis--hydrazide isomer (52). When taken into account that 45% of the unreacted 
starting material (51) was recovered in the reaction with hydrazine then formation of 
the bis-hydrazide derivative (52) occurred in essentially quantitative yield. 
Attempted ring-closure of the yfl-isoxazoIine (50) by reacting it with hydrazine was 
also investigated. This ring-closure should be geometrically more feasible with the 
two ester groups being cisoid to each other. However, reacting the yj-isoxazoline 
(50) present in the 2:1 syn:anti mixture with hydrazine under the same conditions as 
for the -isoxazoline (51) resulted in the isolation of only the isoxazoline bis-anti-
hydrazide (50), in 36% yield, along with 57% of unreacted starting material. 
Reduction reactions of the anti-isoxazoline (51) were next investigated. The 
reductive cleavage of the weak isoxazole N-O bond, to release the versatile 1,3-
functionality, is most frequently effected by catalytic hydrogenation over Pd, Pt or 
Raney-Ni. 118 Reduction (Scheme 7) of the -isoxazoline (51) with hydrogen over 
10% palladium-on-charcoal resulted in the absorption of three equivalents of 
hydrogen to give a new product as a yellow oil. Attempted purification of the oil by 
flash chromatography over silica resulted in a further chemical transformation 
occurring to give a brown solid, the tIc of which showed it to be a mixture of mainly 
two components. One of the components was obtained in pure form as a pale 
yellow solid whose combustion analysis and spectroscopic properties were in 
agreement with the isoxazoloquinolone structure (57). The formation of this fully 
unsaturated compound requires oxidation of the original isoxazoline structure at 
some stage, gain in aromatic stability presumably being the driving force. Repetition 
of the hydrogenation of the -isoxazoline (51) gave the yellow oil obtained before 
in essentially quantitative yield. The yellow oil was identified as the amine (55) on 
the basis of its ir and 1  H nmr absorption and its accurate mass analysis. Thus, its ir 
spectrum contained bands at 3470 and 3354 cm -1 and 1732 cm 1 attributable to 
47. 
the NH absorption of a primary amino group and the carbonyl absorption of an ester 
group. The amine (55) slowly cyclised to the isoxazoloquinolone (57) on standing at 
room temperature. Attempted conversion of the unstable amine (55) into its 
hydrochloride salt, by treatment with hydrogen chloride in anhydrous ether, gave 
only a hydroscopic yellow solid which could not be characterised. Furthermore, 
attempted characterisation of the amine (55) by conversion into a phenylurethane 
derivative with phenyl isocyanate in ether gave no identifiable product. 
Attention was next turned to the investigation of the cyclisation of the amine (55) 
under controlled conditions. The attempted thermal cyclisation of the aminophenyl-
isoxazoline (55) in refluxing ethanol resulted only in a quantitative recovery of the 
unreacted starting material. Replacement of ethanol with toluene resulted in the 
complete consumption of the amine (55) and the formation of two solid products, 
readily separated by their differing solubility in toluene. The toluene insoluble 
material was an intractable brown solid from which no identifiable material could be 
obtained. The toluene soluble product, isolated in 52% yield, was shown to be 
identical in all respects to the isoxazoloquinolone (57) previously obtained. 
Stirring the aminophenylisoxazoline (55) in ethanol containing a catalytic amount of 
concentrated hydrochloric acid resulted in the precipitation of a cream solid, mp 
165°C (decomp with gas evolution) in 23% yield whose FAB-ms spectrum showed a 
molecular ion peak, mlz = 261, consistent with it being the dihydroisoxazolo-
quinolone (56). However, this product was not stable enough for further purification. 
Also isolated from this reaction was a complex yellow solid from which no 
identifiable material could be obtained, and unreacted aminophenylisoxazoline (55) 
which was isolated in 33% yield. 
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The efficient cyclisation of the aminophenylisoxazoline (55) by heating under reflux 
with sodium ethoxide in ethanol was next attempted. However, under these 
conditions the aminophenylisoxazoline (55) gave only very low yields of two solid 
products which could not be characterised. 
The diazotative cyclisation of the aminophenylisoxazoline (55) to the isoxazolino-
cinnoline derivative (58) was attempted in passing by diazotisation with sodium 
nitrite in aqueous nitric acid and basification of the resulting diazonium salt solution 
with sodium acetate. Under these conditions the amine (55) gave a yellow solid 
product in low yield (26%) whose combustion analysis and mass, ir, and IH nmr 
spectroscopic data verified its structure as the isoxazolinocinnoline derivative (58). 
Reduction (Scheme 8) of the anti-isoxazoline (51) with hydrogen over Raney-nickel 
resulted in the absorption of two equivalents of hydrogen to give, after purification 
by flash-chromatography, a yellow oil (60%), whose ir, 1 H nmr and mass spectra 
are in agreement with the hydroxylamine structure (59). The ir spectrum contained 
two broad bands at 3463 and 3303 cm 1 and two bands at 1740 and 1729 cm 1 
attributable to the NH and OH absorption of a hydroxylamino group and the 
carbonyl absorption of two ester groups. The 1 H nmr spectrum shows two one 
proton doublets for the isoxazoline protons centred at 8H  5.33 and 4.85, with J 4.3 
Hz, consistent 116 with the presence of only the -isoxazoline (59). However, no 
exchangeable protons could be observed in the 1 H nmr spectrum. The 
hydroxylamine (59) solidified on standing to give a colourless solid (51%), whose 
structure was shown to be the cyclic hydroxamic acid (60) by examination of its 
combustion analysis and spectral properties. On the basis of its 1  H nmr spectrum in 
hexadeuterio dimethylsulfoxide, the cyclic hydroxamic acid (60) probably exists as 
the 3-isoxazoline tautomer (60). This shows only a one proton singlet at oH  5.85 

























(I) H2C=CHCO2Et, CHCI 3, 50°C. 
H29  10% Pd-C, EtOH, room temp., atmos. press. 
H2 , Raney-Ni, EtOH, room temp., atmos. press. 
Mn02, MeCN, foom temp., then reflux. 
Mn02, dioxane, reflux. 




isoxazoline H(5) proton and the NH and OH protons respectively, with no evidence, 
at least in hexadeuterio dimethylsulfoxide, for the presence of the 2-isoxazoline 
tautomer. 
Hydrogenation of the 	-isoxazoIine (51) over Raney-nickel in aqueous methanol 
in the presence of boric acid, conditions which are used1 19  to convert isoxazolines 
into 3-ketoalcohols, gave the previously obtained hydroxylamine (59) in essentially 
quantitative yield. This compound cyclised on standing at room temperature to form 
the hydroxamic acid (60) in 86% yield. 
Attempted reduction of the arth-isoxazoline (51) with tin(ll) chloride in aqueous 
tetrahydrofuran in the presence of hydrochloric acid at room temperature gave only 
a complex mixture which could not be separated. 
2.1.2 Cycloaddition with Ethyl Acrylate 
The synthesis (Scheme 9) of the isoxazoline derivative (61) was accomplished by 
1 ,3-dipolar cycloaddition of 2-nitrobenzonitrile N-oxide (42) with ethyl acrylate under 
standard conditions. Purification of the product by flash-chromatography gave a 
yellow oil in 68% yield, whose structure, the 5-substituted isoxazoline (61), is in 
agreement with its combustion analysis, mass, ir, 1 H and 13C nmr spectra. In 
particular the I  H nmr spectrum showed only three one proton doublet of doublets at 
H 5.23 (J 10.8Hz and 7.0Hz) and oH  3.60 (J 16.9 Hz and 10.8 Hz) and 0H  3.48 (J 
16.9 Hz and 7.0 Hz) assignable to the H(5) and the two H(4) isoxazoline protons 
respectively, indicating the presence of only one regioisomer. The 13C. nmr 
spectrum of the product also shows the presence of only one regioisomer. The 
formulation of this product as the expected 5-substituted isoxazoline (61) is 
indicated by the geminal H(4)-H(4) coupling constant (ca. 17 Hz) characteristic 120 
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of 4-unsubstituted isoxazolines as distinct from the geminal H(5)-H(5) coupling 
constant of 5-unsubstituted isoxazolines (J ca 8.5 Hz). 
An attempt was made to oxidise the isoxazoline derivative (61) to the isoxazole 
ester (63), which was obtained by the 1 ,3-dipolar cycloaddition of the nitrile oxide 
(42) with ethyl propiolate (see Section 2.2.2 below) by heating with activated 
manganese(lV) oxide in acetonitrile. However, these conditions resulted in an 86% 
recovery of the unreacted isoxazoline (61). Repetition of this reaction in the higher 
boiling solvent dioxane was equally unsuccessful, the unreacted isoxazoline 
derivative (61) again being recovered in essentially quantitative yield. Attempted 
oxidation of the isoxazoline derivative (61) with hydrogen peroxide in acetic acid 
also led to a 71% recovery of unreacted isoxazoline (61). A small quantity of a 
cream solid was isolated under these conditions whose combustion analysis and 
spectroscopic properties showed it to be the carboxylic acid (65). 
Catalytic hydrogenation of the isoxazoline derivative (61) in ethanol over palladium-
on-charcoal at room temperature and atmospheric pressure resulted in the 
absorption of three equivalents of hydrogen to give a colourless solid in 92% yield. 
The combustion analysis and spectroscopic properties of this product are fully 
consistent with the amino-isoxazoline structure (62). This structure for the reduction 
product was further verified by heating with acetic anhydride to give a new product 
in 66% yield which, on the basis of its combustion analysis and spectroscopic 
properties was shown to be the monoacetyl derivative (64). Repetition of the 
hydrogenation of the isoxazoline (61) using Raney-nickel instead of palladium-on-
charcoal gave, after purification by flash-chromatography, 15% of the previously 
obtained amino-isoxazoline (62) along with 26% of unreacted starting material (61). 
The rest of the material consisted of intractable glasses and semisolids from which 
no identifiable material could be isolated. 
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Hydrogenation of isoxazolines, using palladium-on-charcoal or Raney-nickel, in 
methanol in the presence of boric acid has been shown to produce fAetoalcohols 
by hydrolysis of the imine intermediate. 119 In our case (Scheme 10) it was 
anticipated that under such conditions the isoxazoline ring would be cleaved to the 
imino alcohol (67), which could either tautomerise to the hydroxyenamine (68) or 
hydrolyse to the fAetoalcohol (69). The two compounds (68) and (69) could then 
cyclise via nucleophilic substitution of the hydroxyl group by the aromatic amino 
group yielding functionalised quinoline derivatives which could be further exploited. 
However, when the amino-isoxazoline (62) was subjected to the published 
conditions 119 no reaction occurred, and starting material was recovered almost 
quantitatively. 
Direct annulation of the amino-isoxazoline (62) was also attempted in passing. It 
was anticipated that diazotisation would afford a diazonium salt convertible by 
spontaneous intramolecular coupling into the isoxazolocinnoline derivative (66). 
However diazotisation of the, amine (62) with sodium nitrite in aqueous nitric acid 
followed by buffering with sodium acetate gave no identifiable material. 
2.1.3 Cycloaddition with Ethyl Crotonate 
The cycloaddition (Scheme 11) of the nitrile oxide (42) with ethyl crotonate under 
standard conditions gave, after purification by flash-chromatography on silica, a 
yellow oil in 27% yield together with several multicomponent gums. The yellow oil 
slowly crystallised on standing and on recrystallisation gave a pale yellow solid 
whose isoxazoline structure (70) is supported by its combustion analysis and 
spectroscopic data. The 1 H nmr spectrum showed a doublet of quartets at 8H  5.17 
(J 7.7 and 6.3 Hz) for the isoxazoline proton next to the methyl group, a doublet at 
H 4.18 (J 7.7 Hz) for the isoxazoline proton next to the ester group and a doublet 
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at 5H  1.58 (J 6.3 Hz) for the methyl group, demonstrating the presence of only one 
regioisomer. The H(4)-H(5) coupling constant (J 7.7 Hz) suggests that only the anti 
substituted isoxazoline has been obtained 116. R. Huisgen and M. Christl, 121 
investigated the cycloaddition of different I ,3-dipolar species with crotonates and 
found that the isoxazoline H(5) always resonates at higher frequency than the 
isoxazoline H(4) proton. Therefore it can be assumed, in the present case, that the 
isolated regioisomer is the isoxazoline derivative (70) with the ester group in 
position four , since the isoxazoline proton which resonates at higher frequency 
[isoxazoline H(5)] is the one next to the methyl group. The structure of this product, 
ethyl isoxazoline-4-carboxylate (70), is further supported by the similarity of the I 
nmr resonances compared with the known 121 methyl 5-methyl-3-phenyl-
isoxazoline-4-carboxylate [e.g. (70), Me for Et and H for NO2] analogue. In an 
attempt to increase the yield of the isoxazoline derivative (70) the cycloaddition was 
carried out with extended reaction time. However, the isoxazoline (70) was again 
isolated in only 23% yield. 
Catalytic reduction of the isoxazoline (70) with hydrogen over pal lad i um-on-charcoal 
at room temperature and atmospheric pressure gave a colourless solid in 88% yield 
whose combustion analysis and spectroscopic properties are consistent with its 
formulation as the aminoisoxazoline (71). In further support of this structure 
acetylation of the aminoisoxazoline (71) with acetic anhydride gave the acetyl 
derivative (72) as a yellow oil in essentially quantitative yield whose structure was in 
agreement with its analytical data. 
Due to time limitations and the poor yield of the cycloaddition with ethyl crotonate, 
further investigation of the optimisation of this cycloaddition and on the reductive 










(I) cyclohex-2-en-1-one, CHCI 3 or DME, 0°C to reflux. 
(ii) Mn02, dioxane, room temp. 
Scheme 12 
2.1.4 Cycloaddition with Cyclohex-2-en-1 -one 
The cycloaddition (Scheme 12) of the nitrile oxide (42) with the cyclic unsymmetrical 
cyclohex-2-en-1 -one dipolarophile was investigated. 1 ,3-dipolar cycloaddition of 2-
nitrobenzonitrile N-oxide (42) with cyclohex-2-en-1-one under standard conditions 
(Et3N, CHCI3, 50°C) gave, after purification by flash-chromatography, a yellow solid 
(51%) which on crystallisation afforded the 4-acylisoxazoline (73) only. The 
combustion analysis and spectroscopic properties of the product confirm this 
deduction. The 13C nmr spectrum contains only two signals attributable to 
isoxazoline CH groups confirming the presence of a single isomer, while the 1  H nmr 
spectrum shows a one proton multiplet at 6H  5.26-5.16 assignable to the 
isoxazoline proton next to the methylene group and a one proton doublet at 6H  4.12 
(J 9.6Hz) assignable to the isoxazoline proton adjacent to the carbonyl group. A nmr 
study 122 on cycloadducts of nitrile N-oxides with aj3-unsaturated ketones (e.g. 
cyclohex-2-en-1-one) found that the isoxazoline H(5) always absorbs at higher 
frequency than the isoxazoline H(4) proton, a feature ascribed to the paramagnetic 
shift caused by the adjacent isoxazoline oxygen. This is in accordance with the 
formulation of the isolated cycloadduct in the present studies as the 4-
acylisoxazoline isomer (73). The structure of the 4-acylisoxazoline (73) was finally, 
unequivocally established by single crystal X-ray analysis (see Figure 13 and 
Tables 1 and 2). The X-ray diffraction analysis also showed that the 4-
acylisoxazoline isomer (73) crystallised as a mixture of two conformers with the 
cyclohexane ring in two different chair-like conformations. 
The optimisation of the cycloaddition of the nitrile oxide (42) with cyclohex-2-en-1-
one was next investigated. In a first attempt the reaction was carried out in 1,2-
dimethoxyethane at reflux rather than in chloroform at 50°C. These conditions gave 




X-Ray Diffraction Data for 3-(2-N itrophenyl)-3a .4.5,6,7, 7a-hexahydro-4-oxo-
benzo[dlisoxazole (73) 
Table 1: Bond Lengths (Angstroms) with Standard Deviations 
0(1) - N(2) 1.418(3) C(5') - C(6') 1.468 (11) 
0(1) - C(9) 1.464(4) C(6') - C(7') 1.559 (15) 
N(2)- C(3) 1.280(4) C(7') - C(8') 1.522(9) 
C(3) - C(10) 1.494(4) C(8') - C(9) 1.512(9) 
C(3) - C(4). 1.524(4) C(10) - C(11) 1.372(4) 
C(4)-C(5) 1.520 (10) C(10)-C(15) 1.394(4) 
C(4) - C(9) 1.530(4) C(11) - C(12) 1.389(5) 
C(4) - C(5') 1.534 (10) C(12) - C(13) 1.388(5) 
C(5) - 0(5) 1.214(9) C(13) - C(14) 1.370(5) 
C(5) - C(6) 1.475 (10) C(14) - C(15) 1.385(4) 
C(6) - C(7) 1.557 (14) 0(15) - N(15) 1.222(3) 
C(7) - C(8) 1.504 (10) N(15) - 0(16) 1.222(3) 
C(8) - C(9) 1.551(9) N(15) - C(15) 1.463(4) 
C(5') - 0(5') 1.220 (10) 
Table 2: Bond Angles (Degrees) with Standard Deviations 
N(2) - 0(1) - C(9) 110.4(2) C(8') - C(7') - C(6') 106.0(10) 
C(3) - N(2) - 0(1) 108.3(3) C(9) - C(8') - C(7') 109.1(6) 
N(2) - C(2) - C(1 0) 117.7(3) 0(1) - C(9) - C(8') 118.7(4) 
N(2)- C(3) - C(4) 114.7(2) 0(1) - C(9) - C(4) 104.1(2) 
C(10) - C(3) - C(4) 127.5(2) C(8') - C(9) - C(4) 115.7(4) 
C(5) - C(4) - C(3) 113.8(8) 0(1) - C(9) - C(8) 98.8(4) 
C(5) - C(4) - C(9) 117.3(5) C(8') - C(9) - C(8) 23.9(4) 
C(3) - C(4) - C(9) 100.2(2) C(4) - C(9) - C(8) 112.8(4) 
C(5) - C(4) - C(5') 7.6(15) C(11) - C(10) - C(15) 117.0(3) 
C(3) - C(4) - C(5') 106.8(9) C(11) - C(10) - C(3) 118.3(3) 
C(9) - C(4) - C(5') 117.6(5) C(15) - C(10) - C(3) 124.7(3) 
0(5) - C(5) - C(6) 123.8 (10) C(1 0) - C(1 1) - C(1 2) 121.7(3) 
0(5) - C(5) - C(4) 117.2 (10) C(13) - C(12) - C(11) 119.9(3) 
C(6) - C(5) - C(4) 118.4(8) C(14) - C(13) - C(12) 119.7(3) 
C(5) - C(6) - C(7) 111.6(11) C(13) - C(14) - C(15) 119.3(3) 
C(8) - C(7) - C(6) 108.2 (10) 0(16) - N(15) - 0(15) 122.4(3) 
C(7) - C(8) - C(9) 108.1 (6) 0(16) - N(15) - C(15) 118.3(3) 
0(5') - C(5') - C(6') 120.4 (11) 0(15) - N(1 5) - C(1 5) 119.2(3) 
0(5') - C(5') - C(4) 118.2 (11) C(14) - C(15) - C(10) 122.4(3) 
C(6') - C(5') - C(4) 120.4(8) C(14) - C(15) - N(15) 116.6(3) 
C(5') - C(6') - C(7') 109.6 (12) C(10) - C(15) - N(15) 121.0(2) 
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1 H and 13C nmr spectra showed it to be a two component (4:1) mixture of the 
previously obtained 4-acylisoxazoline derivative (73) and a second product which 
has been tentatively assigned the 4-acylisoxazole structure (74), obtained in 38% 
and 11% yield respectively. The formation of the isoxazole structure (74) requires 
oxidation of the original isoxazoline structure at some stage, gain in aromatic 
stability presumably being the driving force. In the light of this result it has to be 
assumed that the initially isolated solid (after flash-chromatography), from the 
previous set of conditions, could also be a mixture of the isoxazoline derivative (73) 
and the isoxazole derivative (74). A 1  H nmr spectrum of a two year old sample of 
this solid showed it to be a (5:2) mixture of the isoxazoline and isoxazole derivatives 
(73) and (74) respectively. 
In a further attempt to improve the yield and selectivity of this reaction the 
cycloaddition was carried out according to the first set of conditions, but using 
Hunig's base (diisopropylethylamine) instead of triethylamine. These conditions also 
gave an unresolvable (5:1) mixture of the isoxazoline and isoxazole derivative (73) 
and (74) in 33% and 7% yield respectively. Since these modified conditions did not 
improve the reaction it was decided to return to the original conditions and to carry 
out the cycloaddition at 0-5°C instead of 50°C. Interestingly under these conditions 
the yield and the selectivity of the reaction was improved, and a (16:1) mixture of 
the isoxazoline and the isoxazole derivatives (73) and (74) was isolated in 59% and 
4% yield respectively. 
In order to confirm the structure of the proposed 4-acylisoxazole derivative (74) the 
16:1 mixture of the 4-acylisoxazoline derivative (73) and the proposed 1 4-
acylisoxazole derivative (74) was oxidised using manganese(IV) oxide. This gave a 
colourless solid (60%) whose formulation as the known 123125 4-acyl isoxazole 
derivative (74) is in full agreement with its combustion analysis and ir, 1 H and 13C 
nmr and mass spectra. 
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H 21  10% Pd-C, EtOH, room temp., atmos. press. 
H2 , Raney-Ni, EtOH, room temp., atmos. press. 
Mn02 , MeCN, room temp. 
Scheme 13 
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Since all attempts to efficiently separate the product of the cycloaddition of 2-
nitrobenzonitrile N-oxide (42) with cyclohex-2-en-1 -one into the two components 
(73) and (74) were unsuccessful, it was decided to investigate the behaviour of the 
mixture of (73) and (74) towards reducing agents in the hope that the resulting 
products of the reduction would be more readily separable and also might be 
synthetically useful heterocycles. In this context (Scheme 13) the product mixture of 
(73) and (74) was hydrogenated over palladium-on-charcoal to give a complex 
mixture of products from which two components could be isolated in pure form, by 
flash-chromatography. One component, obtained in 27% yield [based on the 
starting material being the isoxazoline derivative (73)], has been identified as the N-
hydroxyaminophenyl 4-acylisoxazolirie derivative (75) on the basis of its combustion 
analysis and spectroscopic properties. The 1 H nmr spectrum of this product of 
proposed structure (75) shows two sharp D20-exchangeable one proton singlets at 
6H 9.28 and 6.21 assignable to the OH and NH protons of a hydroxylamino group, a 
one proton multiplet at 6H  4.89-4.82 attributable to the .isoxazoline H(5) proton, a 
one proton doublet at 8H  3.48 with J 9.5 Hz assignable to the isoxazoline H(4) 
proton together with four aromatic and six aliphatic protons, all of which are in full 
agreement with the assigned structure. The ir spectrum of the N-hydroxyamino-
phenyl 4-acylisoxazoline derivative (75) shows a broad band at 3600-2900 cm 1 
attributable to NH and OH absorption. No absorption was observed in the carbonyl 
region suggesting that the N-hydroxyaminophenyl 4-acylisoxazoline derivative (75) 
exists in the solid state as the enol tautomer with the double bond of the enol group 
probably directed towards the isoxazoline ring, thus bringing it into crossconjugation 
with the imino group of the latter. However, the 1 H nmr spectrum shows no 
evidence of the enol tautomer in hexadeuterio dimethylsulfoxide solution. 
The second product, which was isolated in 21% yield [based on the starting material 
being the isoxazole derivative (74)], has been identified as the known 123124 
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quinoline N-oxide derivative (76) on the basis of its combustion analysis and 
spectroscopic properties. The 1 H nmr spectrum shows two broad 020-
exchangeable one proton signals assignable to an amino group, four aromatic 
protons and three two proton multiplets assignable to three methylene groups, 
whilst its ir spectrum shows two bands at 3264 and 3116 cm -1 attributable to a 
primary amino group and a band at 1636 cm 1 due to a conjugated carbonyl group. 
This data substantiates its assigned structure. It is probable that this product is 
derived by cyclisation of the hydroxyamino derivative (75) followed by reductive 
cleavage of the isoxazole ring in the resulting isoxazoloquinoline N-oxide. The 
isolated quinoline N-oxide derivative (76) melted at 260-261°C on crystallisation 
from water, while the quoted melting point in the literature 124 is 290°C (decomp) on 
trituration from methanol-diethyl ether. However, no spectroscopic data for the 
quinoline N-oxide derivative (76) could be found in the literature. 
Hydrogenation of the product mixture of (73) and (74) over Raney-nickel instead of 
palladium-on-charcoal gave a complex mixture of products from which only the 
previously described two products (75) and (76) could be isolated in 35% and 28% 
yield respectively [based on the starting material being the isoxazoline derivative 
(73) or the isoxazole derivative (74) respectively]. 
Attempted manganese(IV) oxide oxidation of the N-hydroxyaminophenylisoxazoline 
derivative (75) in an attempt to obtain the nitrosophenyl isoxazole derivative (77), 
gave only a complex mixture of products, from which no identifiable material could 
be obtained. 
Disappointingly due to time limitations imposed by other priorities in the present 
studies it was not possible to further investigate the reductive heterocyclisation of 
the cycloadducts derived from the nitrile oxide (42) and cyclohex-2-en-1-one. 
However, based on the preliminary results obtained it should be possible to access 
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(i) trans-NCCHCHCN, CHCI 3, 50°C. 
Scheme 14 
Mrm 
the synthetically and biologically interesting acridine derivative (76) in an efficient 
and rapid route based on the cycloaddition of the nitrile oxide (42) with cyclohex-2-
en-1-one. Thus, oxidation of the resulting product mixture (73) and (74) should 
afford only the 4-acylisoxazole derivative (74) which could then be reductively 
cyclised to afford the desired acridine derivative (76). 
2.1.5 Cycloaddition with Fumaronitrile 
The cycloaddition (Scheme 14) of 2-nitrobenzonitrile N-oxide (42) with fumaronitrile 
was next investigated. This cycloaddition reaction was carried out under standard 
conditions but gave only a poor yield (19%) of a cream solid. The ir spectrum of this 
product showed absorption at 2248 cm 1 and 1530 and 1347 cm 1 attributable to a 
cyano group and a nitro group respectively. The 1 H nmr spectrum of the product 
showed only four aromatic signals with no sign of resonances due to the isoxazoline 
protons, suggesting that the isoxazole derivative (79) rather then the expected 
isoxazoline derivative (78) had been isolated. That the product had the isoxazole 
structure (79) was further confirmed by its combustion analysis and mass spectrum. 
The formation of this fully unsaturated compound requires oxidation at some stage 
of the isoxazoline derivative (78) which is presumably the initial product of the 
cycloaddition. As in the previously described spontaneous oxidation of the 4-
acylisoxazoline (73) to the 4-acylisoxazole (74), gain in aromatic stability 
presumably provides the driving force for the analogous oxidation [(78)->(79)]. 
Due to time limitations and the poor yield of the cycloaddition reaction [(42)->(79)], 
further investigations on the optimisation of the yield of this reaction and on the 



















(I) para-benzoquinone, CHCI31  0-50°C. 
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2.1.6 Cycloaddition with para-Benzoguinone 
The next dipolarophile to be investigated was the symmetrical para-benzoquinone 
which has two conjugated double bonds1 14  and could theoretically cycloadd two 
molecules of the nitnile oxide (42). In an initial attempt to obtain the mono-
cycloadduct the cycloaddition (Scheme 15) between para-benzoqu i none and 2-
nitrobenzonitrile N-oxide (42) was carried out with three equivalents of para-
benzoquinone in order to favour the formation of the mono-cycloadduct (80) which 
might then enolise to the aromatic isoxazolohydroquinone system (82). However, 
under these conditions only a complex mixture of products was obtained from which 
no identifiable material could be isolated. It was not possible to isolate any 
unreacted para-benzoq u i none from this reaction suggesting that the excess para-
benzoquinone somehow becomes involved in the reaction making the whole 
process more complicated. It was therefore decided to repeat the cycloaddition with 
one and a half equivalents of para-benzoq ui none. However, even under these 
conditions a complex mixture of products was obtained, from which a beige solid 
was isolated in 10% yield. The structure of this product is probably one of the two 
possible diisoxazolobenzoquinone isomers (85) or (86) either of which would be 
consistent with the product's combustion analysis and ir, 1 H nmr, and mass spectra. 
The ir spectrum shows a band at 1697 cm 1 and two bands at 1528 and 1352 cm -1 
attributable to the absorption of carbonyl and a nitro groups respectively in 
accordance with either of the structures (85) or (86). The 1  H nmr spectrum shows 
only four different aromatic protons, suggesting that only one symmetrical 
regioisomer has been obtained. But since both possible regioisomers are 
symmetrical [regioisomer (85) has an axis of symmetry, while regioisomer (86) has 
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I ,4-naphthoquinone, CHCI 31  0-50°C or 50°C. 
H 21  10% Pd-C, DMF, room temp., atmos. press. 
Scheme 16 
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The formation of the fully unsaturated product (85) or (86) can be explained in 
different ways but has the common feature that the initially formed isoxazoline or 
isoxazole intermediates (80) or (81) or (82) or (83) must be oxidised at some stage 
perhaps by unreacted para-benzoq ui none, with gain in conjugation presumably 
being the driving force. A possible explanation for the formation of the product (85) 
or (86) is the following. Cycloaddition between the nitrile oxide (42) and para-
benzoquinone gives the isoxazolinodihydrobenzoquinone derivative (80) which 
could add a second molecule of the nitrile oxide (42) to give the 
d iisoxazoli notetrahyd robenzoq u i none derivative (81) or (83) which could then 
undergo oxidation to afford the product (85) or (86). Alternatively the 
isoxazoli nodi hydrobenzoq u i none derivative (80) could be oxidised via the 
isoxazolohydroquinone (82) to afford the isoxazolobenzoquinone derivative (84) 
which could then add a second molecule of the nitrile oxide (42) and be reoxidised 
to afford the product (85) or (86). 
Due to time limitations and the low yield of the cycloadduct (85) or (86) 
investigations on improving the yield of the cycloaddition of the nitrile oxide (42) with 
para-benzoq ui none and the identification of the particular product (85) or (86) 
obtained by chemical means, had to be curtailed at this point. 
2.1.7 Cycloaddition with 1 4-Naphthoguinone 
Despite the somewhat discouraging results of the cycloaddition reaction with para-
benzoquinone it was deemed worthwhile to investigated the cycloaddition between 
2-nitrobenzonitrile N-oxide (42) with I ,4-naphthoquinone, particulary because this 
dipolarophile has only one site for cycloaddition and the reaction should therefore 
be more straightforward. In practice cycloaddition (Scheme 16) of 2-nitrobenzonitrile 
N-oxide (42) with 1,4-naphthaquinone, under standard conditions, gave a yellow 
solid in 58% yield whose structure, as the fully unsaturated 
71: 
isoxazolonaphthaquinone derivative (87) rather than its isoxazolinodihydro-
naphthaquinone counterpart, is in full agreement with its combustion analysis and 
spectroscopic properties. The ir spectrum of the proposed product (87) shows a 
band at 1686 and two bands at 1535 and 1348 cm -1 assignable to carbonyl group 
and nitro group absorption respectively, in accordance with its assigned structure. 
The 1 H nmr spectrum shows of the product only eight aromatic protons with no sign 
of signals due to isoxazoline protons, which is also in agreement with its formulation 
as the isoxazolonaphthaq u i none derivative (87). The formation of this fully 
unsaturated compound requires oxidation of the originally formed isoxazolino 
cycloadduct and as in the previously described cases, gain in conjugative stability 
presumably being the driving force. By carrying out the cycloaddition between 2-
nitrobenzonitrile N-oxide (42) and I ,4-naphthaquinone under low temperature 
conditions (0-5°C) it was possible to increase the yield of the 
isoxazolonaphthaquinone derivative (87) from 58% to 79%. 
Catalytic reduction of the nitrophenylisoxazole derivative (87) with hydrogen over 
palladium-on-charcoal in dimethylformamide gave a deep blue reaction mixture 
suggesting the presence of radical species. However, the colour changed 
spontaneously to yellow-orange during work-up and two solid products were 
obtained from this reaction. A very insoluble gold coloured solid was obtained in 
63% yield which' has been tentatively assigned the linear benzoacridine structure 
(88) on the basis of its combustion analysis and spectroscopic properties. The ir 
spectrum of the proposed product shows a band at 3302 and a broad band at 3134 
cm-1 attributable to an amino group and a band at 1679 cm -1 assignable to the 
absorption of conjugated carbonyl groups. The 1 H nmr spectrum of the product in 
hexadeuterio dimethylsulfoxide shows two broad absorption at 10.29 and 8.97 ppm 
and eight aromatic protons in full agreement with its assigned structure (88). 
























Zn, pyridine, AcOH, reflux. 
SnCl2 , 2M HCl (aq.), reflux. 
Scheme 17 
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exchange experiment. The formulation of this product as the aminobenzo-
acridinedione derivative (88) is substantiated by its 13C nmr spectrum in 
trifluoroacetic acid which shows two absorptions at 184.3 and 177.7 ppm assignable 
to two carbonyl groups. 
Attempted acetylation (Scheme 17) of the proposed linear aminobenzoacridinedione 
derivative (88) by heating a suspension in acetic anhydride under reflux resulted 
only in the isolation of unreacted starting material (69%). 
Reaction of the proposed linear aminobenzoacridinedione derivative (88) with acetic 
anhydride in pyridine in the presence of zinc powder resulted in the isolation of an 
orange solid in 63% yield which has been tentatively formulated as the pentacyclic 
structure:  (92) on the basis of its combustion analysis and spectroscopic properties. 
The formation of this pentacyclic derivative (92) can be envisaged to occur through 
reduction of the two carbonyl groups to give the dihydroxy derivative (93) which is 
then heteroannulated with acetic anhydride under elimination of water. The 
pentacyclic derivative (92) has been drawn as one of many possible tautomers and 
on the basis of the obtained spectroscopic data it is not obvious which tautomer has 
been isolated. The ir spectrum of this product shows a broad band at 3270 cm 1 
attributable to OH and/or NH functionality, while the 1 H nmr spectrum shows three 
broad absorption at 15.09, 12.63 and 9.57 ppm, eight aromatic protons and a three 
proton singlet at 2.65 ppm assignable to a methyl group in agreement with its 
assigned structure (92). However, due to the insolubility of the product it was not 
possible to perform a D20 exchange experiment. 
Attempted reduction of the proposed linear aminobenzoacridinedione derivative (88) 
by heating a suspension in aqueous hydrochloric acid in the presence of tin(ll) - 
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taken place. However, the violet colour faded spontaneously during work-up 
resulting only in the isolation of unreacted starting material (85%). 
The second product obtained in the catalytic reduction of the nitrophenylisoxazole 
derivative (87) with hydrogen over palladium-on-charcoal (see Scheme 16) was a 
very insoluble red solid (15%) which has been tentatively assigned the angular 
benzoacridine structure (89) on the basis of its combustion analysis and 
spectroscopic properties. The ir spectrum of the proposed product shows three 
bands at 3389,3262 and 3210 cm 1 attributable to a primary amino group and a 
weak band at 1684cm 1 attributable to carbonyl absorption. The reason for the 
weak carbonyl absorption could be that the molecule (89) exists in the solid state as 
the imino enol tautomer (90) which could form inter- or intramolecular hydrogen 
bonds. The 1 H nmr spectrum of the product in hexadeuterio dimethylsulfoxide 
shows two broad absorption at 10.38 and 9.13 ppm and eight aromatic protons in 
full agreement with its assigned structure (89). However, due to the insolubility of 
the product it was not possible to perform a D20 exchange experiment. The 
formulation of this product as the aminobenzoacridinedione derivative (89) is 
substantiated by its 13C nmr spectrum in trifluoroacetic acid which shows two 
absorptions at 178.9 and 178.2 ppm assignable to two carbonyl groups. 
Attempted acetylation (Scheme 18) of the proposed angular aminobenzacridine 
derivative (89) by heating a suspension in acetic anhydride under reflux resulted 
only in the isolation of unreacted starting material (89%). Repetition of the 
attempted acetylation by heating the compound (89) with acetic anhydride in 
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The attempted thermal condensation between the 1 ,2-dicarbonyl functionality of the 
compound (89) and ortho-phenylenediamine to afford the quinoxaline derivative 
(95), by heating a solution of the angular aminobenzacridine derivative (89) and 
ortho-phenylenediamine in triethyleneglycol dimethyl ether also resulted in the 
isolation of unreacted starting material (89%). 
In a further attempt to verify the structure of the proposed compound (89) attempts 
were made to convert it into the trione derivative (96) either by basic hydrolysis via 
the imino form (90) or by diazotation of the amino form (89) followed by 
spontaneous hydrolytic decomposition of the resulting diazonium salt. The 
attempted basic hydrolysis was carried out by heating a solution of the compound 
(89) and aqueous potassium hydroxide in triethyleneglycol dimethyl ether under 
reflux. However, these conditions resulted only in the formation of intractable 
materials together with the recovery of unreacted starting material (89) in 42% yield. 
Furthermore, the attempted diazotative transformation of the amino group to the 
keto group by treating a solution of the compound (89) in a mixture of glacial acetic 
acid and concentrated aqueous sulphuric acid with an aqueous solution of sodium 
nitrite resulted only in the isolation of the unreacted starting material (89) in 74% 
yield. 
The nitrophenylisoxazole derivative (87) was also subjected (Scheme 19) to 
hydrogenation over Raney-nickel. Reduction under these conditions afford a brown 
solid in 75% yield which was formulated as the hydroxylamine derivative (97) on the 
basis of its ir and electron impact mass spectrum. Thus the ir spectrum shows a 
very broad band between 3500 and 3000 cm 1 accompanied by two bands at 3281 
and 3272 cm 1 which are collectively attributable to the presence of a hydroxyamino 
group and two bands at 1701 and 1687 cm 1 attributable to carbonyl functionality 
while the El-mass spectrum shows the expected molecular ion at m/z 306. 
The hydroxylamine derivative (97) was converted, on crystallisation from acetic 
acid, into an orange solid whose structure, as the ring closed isoxazolobenzacridine 
N-oxide derivative (98), is in full agreement with its combustion analysis and 
spectroscopic properties. The scale-up of this reaction proved to be problematic. 
Repetition of the Raney-nickel hydrogenation of the nitrophenyl isoxazole derivative 
(87) on a 0.02 mol scale instead of the previously described 0.004 mol scale 
resulted in an increase of the reaction time from five hours to fifteen hours and as a 
result the reduction was unselective. Under these conditions none of the previously 
isolated hydroxylamine derivative (97) was obtained but instead the ring closed 
isoxazolobenzacridine N-oxide (98) was obtained, although in only 23% yield. Also 
isolated in this reduction was the previously described angular aminobenzacridine 
compound (89) in 9% yield and unreacted nitrophenyl isoxazole derivative (87) in 
4% yield with the rest of the material consisting of intractable foams, gums and 
solids. 
The angular aminobenzacridine derivative (89) was also obtained in excellent yield 
(93%) by palladium-on-charcoal hydrogenation of the isoxazolobenzacridine N-
oxide derivative (98). 
Attempted reduction of the isoxazolobenzacridine N-oxide (98) to afford the 
isoxazolobenzacridine (99) by treating a hot solution of the N-oxide derivative (98) in 
dimethylformamide with solid sodium dithionite gave only the unreacted starting 


























H21  10% Pd-C, EtOH orAcOH, room temp., atmos. press. 
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Scheme 20 
2.2 Cycloaddition Reactions of 2-Nitrobenzonitrile N-oxide with Conjugated 
Alkynes and Reductive Cyclisation Reactions of the Resulting Isoxazole 
Cycloadducts 
To further extend the scope of the 1 ,3-dipolar cycloaddition, reactions of 2-
nitrobenzonitrile N-oxide (42) with conjugated alkynes were also investigated. In this 
context the first dipolarophile investigated was the symmetrical dimethyl 
acetylenedicarboxylate. 
2.2.1 Cycloaddition with Dimethyl Acetylenedicarboxylate 
The synthesis (Scheme 20) of the isoxazole (100) was carried out as a one pot 
reaction by 1,3-dipolar cycloaddition between the nitrile oxide (42) and dimethyl 
acetylenedicarboxylate under standard conditions. The isoxazole (100) was isolated 
as a yellow solid in 68% yield. The combustion analysis and spectroscopic data for 
this product is in full agreement with its assigned structure. 
In an attempt to improve the yield, the cycloaddition was repeated using one and a 
half equivalents of N-chlorosuccinimide instead of one equivalent to ensure 
complete chlorination of the aldoxime (47) and therefore improve the overall yield of 
the cycloaddition. However, under these conditions no substantial improvement was 
observed, the isoxazole (100) being isolated in only a marginally better yield of 71%. 
In a further attempt to improve the efficiency of the cycloaddition the effect of 
generating a low concentration of the nitrile oxide (42) at 0-5°C instead of 50°C in 
the presence of the dipolarophile was investigated. This should suppress any 
dimerisation or polymerisation of the nitrile oxide (42) and therefore possibly 
improve the yield. But under these conditions the isoxazole (100) was isolated in 















(I) Ac20 1  100°C. 
Ac20, reflux. 
Na2S204 , EtOH, H 20, refulx. 
H2 , 10% Pd-C, DMF, room temp., atmos. press. 
Scheme 21 
conditions gave a slightly less complex mixture of side products, from which it was 
possible to isolate a small amount of 2-nitrobenzonitrile (3%) [i.e. (42); CN for 
CN-Oi together with unreacted dimethyl acetylenedicarboxylate. 
Reduction of the isoxazole derivative (100) was investigated, with the aim of 
obtaining novel, synthetically useful heterocyclic derivatives. To this end the 
isoxazole derivative (100) was hydrogenated over a palladium-on-charcoal catalyst 
in ethanol. These conditions gave a complex mixture of products, from which the 
aminophenylisoxazole (101) was isolated, in 39% yield, as a yellow solid. The 
combustion analysis and spectroscopic properties of this compound (101) are in full 
agreement with its assigned structure. Thus, the ir spectrum shows a broad 
absorption in the region 3300-3100 cm -1 and two bands at 1745 and 1695 cm-1 
attributable to NH and carbonyl functionality while the 1 H nmr spectrum shows a 
four proton multiplet at SH  8.61-8.49 assignable to two aromatic protons and two NH 
protons, two further aromatic protons and two three proton singlets at oH  3.89 and 
3.83 assignable to the methyl groups of two methyl ester substituents all of which 
data is in full agreement with the assigned structure (101) of the product. Repetition 
of the hydrogenation in acetic acid instead of ethanol again gave a complex mixture 
of products from which only the amine (101) was obtained in 29% yield. 
Due to the poor selectivity of palladium-on-charcoal hydrogenation conditions other 
reduction methods were investigated. Thus, reduction of the isoxazole (100) with 
tin(ll) chloride in the presence of aqueous hydrochloric acid resulted in the isolation 
of a yellow solid which left a residue on burning and is believed to be a tin complex. 
Treatment of the latter with base followed by acid decomposed the presumed 
complex giving a cream solid in excellent yield (94%) whose combustion analysis 
and spectroscopic properties are in agreement with its formulation as the cyclic 
hydroxamic acid derivative (102). This structure (Scheme 21) was confirmed by 
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acetylation. Brief warming in acetic anhydride solution gave the N-acetoxy derivative 
(104) in excellent yield (95%) whose ir spectrum showed absorption at 1815 cm 1 
typical 126 of the N-acetoxy functionality 
The behaviour of the cyclic hydroxamic acid derivative (102) towards strong heating 
with acetic anhydride was studied in the anticipation that the initially formed N-
acetoxy derivative (104) might undergo rearrangement reactions 127 , introducing 
functionality into the aromatic ring [(102)—(105)]. However prolonged heating of the 
cyclic hydroxamic acid derivative (102) in acetic anhydride under reflux gave only an 
intractable mixture of products. 
In an attempt to obtain the parent heterocycle (106) the N-hydroxy derivative (102) 
was heated under reflux with sodium dithionite in aqueous ethanol. However, these 
conditions resulted in an essentially quantitative recovery of the unreacted starting 
material (102). In an alternative attempt to obtain the parent heterocycle (106) or 
the amino-a-ketocarboxylic acid quinoline (107) where the isoxazole ring has also 
been cleaved the N-acetoxy derivative (104) was hydrogenated over palladium-on-
charcoal. Disappointingly, these conditions gave only an intractable product which 
yielded no identifiable material. 
It was observed that the cyclic hydroxamic acid derivative (102) decomposed, with 
gas evolution, on heating. Since this could be due to decarboxylation of the 
carboxylic acid (102) attempts were made to investigate the thermal behaviour of 
the cyclic hydroxamic acid derivative (102) when it was heated in a cold finger under 
high vacuum. However, under these conditions sudden decomposition with gas 
evolution occurred at 192°C to give an intractable brown sold from which no 
identifiable material could be obtained. Pyrolysis of the cyclic hydroxamic acid 



















H2 , Raney-Ni, DMF, room temp.,.atmos. press. 
Ac2O, 100°C. 
AcCI, AcOH, reflux. 
2M NaOH (aq.), reflux, then 2M HCI (aq.). 
Scheme 22 
also gave only intractable material. The pyrolysis of the cyclic hydroxamic acid 
derivative (102) was therefore not investigated further. 
The behaviour (see Scheme 20) of the readily accessible nitrophenylisoxazole 
derivative (100) towards other reducing agents was also invetigated. Reduction with 
sodium borohydride in aqueous dioxane gave only a small amount of organic 
material, shown to be a complex mixture of products by tic. One of these products 
was isolated in pure form as a cream solid (9%) and was tentatively identified as the 
amino-aidehyde derivative (103) on the basis of its combustion analysis and mass 
spectrum. Unfortunately insufficient material was obtained to rigorously characterise 
the possible amino-aldehyde derivative (103). In contrast reduction 128 of the 
isoxazole derivative (100) with sodium borohydride in aqueous methanol in the 
presence of palladium-on-charcoal gave a poor yield (37%) of the cyclic hydroxamic 
acid derivative (102) while reducing the isoxazole derivative (100) with sodium 
borohydride in aqueous dioxane in the presence of palladium-on-charcoal and 
sodium hydroxide raised the yield of the cyclic hydroxamic acid derivative (102) to 
61%. 
Hydrogenation of the isoxazole derivative (100) over Raney-nickel in acetic acid 
resulted in the uptake of two equivalents of hydrogen to give a brown solid, which 
did not melt below 360°C and left a residue on burning and is therefore believed to 
be a nickel complex. Treatment of the latter with base followed by acid decomposed 
the presumed nickel complex to give the cyclic hydroxamic acid derivative (102) in 
77% 
When the Raney-nickel hydrogenation (Scheme 22) was carried out under the 
same conditions, but in dimethylformamide instead of acetic acid, the hydroxamic 























H29  10% Pd-C, DMF; room temp., atmos. press. 
AcOH, H20, reflux. 
Scheme 23 
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spectroscopic properties of this product are in full agreement with its assigned 
structure. The structure of the hydroxamic acid ester (108) was further confirmed by 
acetylation and hydrolysis. The acetylation of the hydroxamic acid ester (108) was 
carried out by brief warming in acetic anhydride solution to give the N-acetoxy 
derivative (109) in excellent yield (90%). The ir spectrum showed three distinct 
carbonyl absorptions at 1807, 1734 and 1704 cm attributable to the three carbonyl 
groups present in the ester (109), with the absorption at 1807 cm 1 being typica 126 
of an N-acetoxy groups. Basic hydrolysis of the hydroxamic acid ester (108), by 
heating with aqueous sodium hydroxide, gave, after acidification, a cream solid in 
98% yield identical in every respect to the cyclic hydroxamic acid derivative (102) 
obtained previously. 
The N-hydroxyisoxazoloquinolone derivative (108) was also heated with acetyl 
chloride in acetic acid in an attempt to functionalise (chlorinate) the aromatic ring by 
use of the N-OH substituent as a leaving group. 126 This process would involve 
initial acetylation of the N-hydroxy group converting it into a better leaving group, 
followed by nucleophilic attack by chloride ion at the benzene ring ortho/para to the 
quinoline nitrogen atom with subsequent elimination of acetic acid to give the ortho 
or para substituted chioro-quinolone. However under these conditions the N-
hydroxy compound (108) gave only the N-acetoxy ester (109) in good yield (83%). 
Hydrogenation (Scheme 23) of the N-acetoxy derivative (109) over palladium-on-
charcoal resulted in predominant cleavage of the isoxazole ring and the N-acetoxy 
bond to give as the major product the amino-a-ketoesterquinolone derivative (111) 
in 71% yield, as a yellow solid. Also formed as the minor product of this 
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Scheme 24 
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The assigned structure of the major product (111) is in full agreement with its ir, 
nmr and accurate mass spectra. Thus, the 'H nmr spectrum shows a three proton 
singlet due to the methyl group of a methyl ester substituent, four aromatic protons 
and three D20-exchangeable protons. The appearance of two signals for the 
enamine group can be explained by hindered rotation of the amino group due to the 
vinylogous amid structure. The amino-keto-ester (111) was transformed into an 
orange solid upon crystallisation from aqueous acetic acid whose formulation as the 
ring closed pyrroloquinolone (112) is in agreement with its 1 H nmr and mass 
spectrum. The combustion analysis of the ring closed compound (112) showed that 
it crystallised as a monohydrate. 
The combustion analysis and spectroscopic properties of the minor yellow product 
showed it to be the N-acetoxy derivative (110) of the amino-keto-ester (111). 
In contrast to the N-acetoxy derivative (109) palladium catalysed hydrogenation 
(Scheme 24) of the parent cyclic hydroxamic acid (108) resulted in the cleavage of 
the isoxazole ring to afford a yellow solid in essentially quantitative yield whose 
formulation as the N-hydroxyquinolone derivative (113) is in agreement with its 
combustion analysis and spectroscopic properties. In particular its I  H nmr spectrum 
shows signals due to three D20-exchangeable protons, four aromatic protons and 
the protons of a methyl ester group while its ir spectrum shows NH, OH and 
carbonyl absorption all of which data is in full agreement with its assigned structure 
(113). 
Diazotisation of a solution of the amino-keto-ester (113) with sodium nitrite in acetic 
acid in the presence of concentrated aqueous sulphuric acid with an aqueous 
solution of sodium nitrite resulted in the isolation of a yellow solid in 58% yield which 
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and spectroscopic properties. The I  H nmr spectrum shows resonances due to the 
protons of a methyl ester group and four aromatic protons but only one instead of 
two D20-exchangeable protons suggesting that the isolated product (115) exists in 
the keto form instead of the enol form shown. However, the absence of a one 
proton singlet, expected for the CH moiety of the keto form, makes this explanation 
unlikely. 
Heating a solution of the N-hydroxyquinolone derivative (113) with sodium dithionite 
in aqueous dimethylformamide, in an attempt to obtain the previously described 
parent quinolone derivative (111), was unsuccessful. After acidic work-up the free 
carboxylic acid analogue (114) of the N-hydroxyquinoline ester derivative (113) was 
isolated in 79% yield. The slightly basic conditions in the attempted dithionite 
reduction are presumably responsible for ester hydrolysis. 
The structure (Scheme 25) of the proposed N-hydroxyquinolone carboxylic acid 
derivative (114) has been confirmed by comparison with the product of the basic 
hydrolysis of the N-hydroxyquinolone ester derivative (113) which gave after acidic 
work-up exactly the same product in 77% yield. This product gave a combustion 
analysis and showed spectroscopic properties which are in agreement with its 
formulation as the N-hydroxyquinolone carboxylic acid derivative (114). 
Heating a solution of the N-hydroxyquinolone ester (113) in triethyleneglycol 
dimethyl ether under reflux gave an orange product in 48% yield which is formulated 
as the N-hydroxypyrroloquinoline derivative (116) on the basis of its ir, 1 H nmr and 
mass spectra. The ir spectrum shows a band at 3271 cm -1 , a broad band at 3147 
cm -1 and two bands at 1763 and 1726 cm 1 attributable to NH, OH and carbonyl 
functionality respectively while its 1 H nmr spectrum shows two D20 exchangeable 
one proton singlets and four aromatic protons, all of which data is in full agreement 
92 
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Scheme 26 
with its assigned structure. The combustion analysis of this ring-closed compound 
(116) showed that, as in the case with the NH analogue (112), it crystallised as a 
monohydrate. 
The N-hydroxyquinolone ester (113) was also subjected to mild acetylation which 
gave a yellow solid in 81% yield. Based on its combustion analysis and 
spectroscopic properties this product has the structure of the N-acetoxypyrrolo-
quinoline derivative (117). The ir spectrum shows a band at 3434 cm 1 and a broad 
band in the region 3200-3000 cm 1 attributable to NH and/or OH functionality 
suggesting the presence of enol tautomers or intra- or intermolecular hydrogen 
bonding, and three bands at 1794, 1776 and 1737cm -1 attributable to carbonyl 
functionality with the absorption at 1794 cm -1 being typical 126 of an N-acetoxy 
substituent. The 1 H nmr spectrum shows a broad D20 exchangeable one proton 
signal, four aromatic protons and the methyl protons of an acetyl group, all of which 
are in agreement with the assigned structure (117). 
Attempted hydrogenolysis of the N-acetoxypyrroloquinoline derivative (117) over 
palladium-on-charcoal to afford the previously described NH analogue (112) 
resulted only in the isolation of unreacted starting material in essentially quantitative 
yield. 
In a further attempt (Scheme 26) to functionalise the aromatic ring of the N-hydroxy 
isoxazoloquinoline (108) by use of the N-hydroxy substituent as a leaving group, it 
was decided to examine its reaction with toluene-4-sulfonyl (tosyl) chloride. 
Reacting the N-hydroxyisoxazoloquinoline (108) with tosyl chloride in pyridine or in 
dioxane in the presence of triethylamine gave the tosyloxyisoxazoloquinoline 
derivative (118) in 71% and quantitative yield respectively. The structure of this 
product (118), is supported in full by its combustion analysis and spectroscopic 
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properties. Heating the tosyloxy derivative (118) in toluene solution gave a yellow 
solid in 93% yield whose combustion analysis and mass spectrum showed it to be 
isomeric with the starting material. The ir spectrum of the product showed bands at 
3331 and 1692 cm 1 attributable to the NH and carbonyl absorption of a lactam 
group and at 1753 cm due to the carbonyl absorption of an ester group, 
suggesting that the tosyloxy group has migrated into the aromatic ring. This 
rearrangement product has been formulated as the 6-tosyloxyisoxazolo[4,3-
c]quinoline derivative (120) on the basis of its 'H nmr spectrum. For three 
neighbouring aromatic protons one would expect a splitting pattern of three doublets 
of doublets with two of them showing ortho and meta splitting and one showing two 
ortho splittings. Thus the 1 H nmr spectrum of the proposed 6-tosyloxyisoxazolo[4,3-
c]quinoline derivative (120) showed two doublets of doublets centred at SH  8.04, 
with J 7.8 and 1.4 Hz, and 8H  7.44, with J 8.1 and 1.4 Hz, assignable to the two 
ortho and meta splitting protons. For the central aromatic proton a pseudo triplet 
instead of a doublet of doublets was observed at 8H  7.28, with J 8.0 Hz, this pattern 
being due to the similarity of the two ortho coupling constants. The remainder of the 
spectroscopic data was in agreement with the assigned structure (120). The 
attempted basic hydrolysis of the 6-tosyloxyisoxazolo[4, 3-c]quinoline ester 
derivative (120) to give the 6-hydroxyisoxazolo[4,3-c]quinoline carboxylic acid 
derivative (121) in practice gave only an intractable solid. 
Heating the N-hydroxyisoxazoloquinoline (109) with tosyl chloride in 
dimethylformamide gave after aqueous work up a yellow solid in 50% yield whose 
formulation as the 8-hydroxyisoxazolo[4,3-c]quinoline derivative (119) is in 
agreement with its combustion analysis and its ir, 1 H nmr and mass spectra. Thus, 
the ir spectrum shows two bands at 3374 and 3174 cm 1 attributable to OH and NH 
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W. 
nmr spectrum shows two D20 exchangeable protons, the protons of a methyl ester 
group and only three aromatic protons at 5H  7.40, with J 2.6 Hz, 8H  7.21, with J 8.8 
Hz, and 8H  7.07, with J 8.8 and 2.6 Hz, assignable to the H(9), H(6) and H(7) 
isoxazolo[4, 3-c]quinoline protons respectively. 
2.2.2 Cycloaddition with Ethyl Propiolate 
The next dipolarophile investigated was the unsymmetrical ethyl propiolate and the 
synthesis (Scheme 27) of the isomeric isoxazoles (122) and (123), as an 
inseparable mixture, was accomplished under the reaction conditions described 
previously. Thus, reaction of the nitrile oxide (42) (generated in situ as previously 
described) with ethyl propiolate followed by chromatography of the crude product 
mixture afforded a brown oil in 75% yield. The 13C and 1 H nmr spectra of the oil 
showed it to be a mixture of the two possible regioisomers (122) and (123) having 
the ester substituent in the 5- and 4-position respectively of the isoxazole ring. The 
proton resonances of the ethyl moieties of the ester substituents in the two 
regioisomers (122) and (123) appeared as two triplets centred at 8H  1.15 and 1.41 
and two quartets centred at 4.14 and 4.44 respectively. Correspondingly the 
isoxazole protons of the two regioisomers resonated at oH  8.99 and 7.03 
respectively. On the basis of the proton resonances of the of the known 4-
chlorophenyl analogous 129 of (122) and (123) (4-Cl for 2-NO2) it can be assumed 
that the regioisomer with the isoxazole proton resonance at 0H  7.03 corresponds to 
the 5-substituted isoxazole (122) and the isomer with the isoxazole proton 
resonance at 0H  8.99 to the 4-substituted isoxazole (123). The respective integrated 
ratios of the two isoxazole protons or of the two sets of methylene or methyl protons 
due to the respective 5-and 4-substituted isomers (122) and (123) showed them to 
be present, in the mixture, in a ratio of 7:4 respectively. The product of the reaction 
of the nitrile oxide (42) with ethyl propiolate also gave a correct combustion 
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analysis, and showed mass and ir spectral properties fully in accord with its 
formulation as a mixture of the regioisomers (122) and (123). This isomeric mixture 
solidified after standing at room temperature for six months and repeated 
crystallisation from ethanol afforded the pure 5-substituted isomer (122) which was 
characterised by its combustion analysis and ir, mass, 13C and 1 H nmr spectra. 
Repetition of this cycloaddition under the low temperature conditions (0-5°C) 
resulted in a slight improvement in the yield and regioselectivity, giving 82% of an 
unresolvable 2:1 mixture of the 5- and 4-substituted isomer (122) and (123). 
Since all attempts to efficiently separate the regioisomeric mixture into the 
components (122) and (123) were unsuccessful, it was decided to investigate the 
behaviour of the mixture towards reducing agents in the hope that the resulting 
products of the reduction would be more readily separated and also might be 
synthetically useful heterocycles. Reduction of the (7:4) cycloadduct mixture (122) 
and (123) with tin(ll)chloride in tetrahydrofuran in the presence of aqueous 
hydrochloic acid gave after extraction at basic pH a yellow solid in 91% yield. The 
combustion analysis and spectroscopic properties of this compound are in 
agreement with its formulation as the amino ester (124). A second solid product, 
which did not melt below 360°C and left a residue on burning, was isolated at acid 
pH. This solid is believed to be a tin complex, possibly of the cyclic hydroxamic acid 
(125). Disappointingly it was not possible to disrupt the complex in order to obtain 
the parent organic compound or to characterise the complex itself. 
Hydrogenation of the regioisomeric mixture (7:4) of (122) and (123) over palladium-
on-charcoal gave a complex mixture of products, from which only the previously 
obtained amino ester (124) could be isolated in 46% yield. Reduction of the mixture 
(7:4) of (122) and (124) with sodium borohydride in aqueous dioxane in the 
presence of palladium-on-charcoal and sodium hydroxide gave a cream solid in 
4.1 
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44% yield whose analytical data is in agreement with its formulation as the cyclic 
hydroxamic acid (125). The remainder of the material isolated from this reaction 
consisted of a glassy multicomponent solid from which no identifiable material could 
be obtained. 
The structure (Scheme 28) of the cyclic hydroxamic acid (125) was further 
confirmed by its acetylation, which gave the N-acetoxyisoxazoloquinoline (126), as a 
cream solid, in good yield (80%). The ir spectrum of this product showed typical 126 
absorption at 1799 cm 1 attributable to an N-acetoxy substituent. The assigned 
structure (126) is also in full agreement with the product's combustion analysis and 
the rest of its spectroscopic data. 
Palladium-on-charcoal catalysed hydrogenation of the N-acetoxyisoxazoloquinoline 
gave an unstable yellow solid (87%) identified as the N-acetoxy-
aminoquinoline-carboxaldehyde (128) on the basis of its ir, 1 H nmr and accurate 
mass spectra. This compound (128) was hydrolysed to the N-hydroxy-
aminoquinolinecarboxaldehyde (127) on attempted purification by crystallisation 
from ethanol. The aldehyde (127) was also obtained by palladium-catalysed 
hydrogenation of the N-hydroxyisoxazoloquinoline (125) in excellent yield (88%). 
The formulation of this product as the N-hydroxy-aminoquinoline-carboxaldehyde 
is in full agreement with its combustion analysis and spectroscopic properties. 
Reduction (Scheme 29) of a (2:1) isomeric mixture of (122) and (123) over Raney-
nickel in ethanol reduced both isomers to the hydroxylamino stage. In the case of 
the 4-substituted isomer (123) spontaneous cyclisation afforded the previously 
obtained cyclic hydroxamic acid derivative (125) in quantitative yield. Conversely the 
5-substituted isomer (122) afforded the hydroxylamine derivative (129) in 76% yield 
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Scheme 30 
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The hydroxylamine derivative (129) was also subjected to acetylation and oxidation 
in order to confirm its assigned structure. Brief warming (Scheme 30) in acetic 
anhydride solution resulted in the isolation of three solid products in 15%, 12% and 
36% yield whose structures were shown to be the N-acetoxy-N-acetylamino 
derivative (130), the N-acetylamino derivative (131) and the azoxy derivative (132) 
respectively. These structures are in agreement with the combustion analysis and 
spectroscopic properties of these products. The ir spectrum of the proposed N-
acetoxy-N-acetylamino derivative (130) exhibits three distinct carbonyl stretching 
frequencies at 1786, 1738 and 1692 cm 1 attributable to the N-acetoxy 126 the ester 
and the N-acetyl groups respectively, while its 1 H nmr spectrum shows signals due 
to four aromatic protons, one isoxazole proton, the presence of one ethyl ester 
group and two methyl groups all of which substantiate its assigned structure (130). 
The two methyl groups of the N-acetoxy and N-acetyl functionalites appear at oH 
2.16 as a sharp singlet and at 8H  1.89 as a broad signal respectively with the width 
of the N-acetyl methyl signal probably due to the restricted rotation about the amide 
bond. 
The 1 H nmr spectrum of the proposed N-acetylamino derivative (131) shows the 
presence of four aromatic protons, one isoxazole proton, the protons of one ethyl 
ester group and one N-acetyl group and one D20 exchangeable proton, while its ir 
spectrum exhibits a broad band at 3294 cm -1 and two carbonyl stretching 
frequencies at 1720 and 1706 cm -1 all of which data is in full agreement with its 
assigned structure (131). 
The proposed azoxy derivative (132) shows one ir absorption at 1726 cm -1 
attributable to an ester group, whilst its 1  H nmr spectrum shows resonances due to 
the protons of two ester groups, two isoxazole protons and eight aromatic protons 
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hydroxylamines have a tendency to disproportionate into the corresponding nitroso 
and amin compounds. A plausible explanation for the formation of the azoxy 
derivative (132) and the N-acetylamino derivative (131) is therefore that the 
hydroxylamino derivative (129) partially disproportionates, under the reaction 
conditions, to the corresponding nitroso derivative [i.e. (129), NO for NHOH] which, 
on condensation with unreacted hydroxylamino derivative (129) affords the azoxy 
compound (132). Acetylation of the amin derivative [i.e. (129), NH2 for NHOH] then 
accounts for the N-acetylamino derivative (131). 
Repetition of the acetylation of the hydroxylamino derivative (129) with acetic 
anhydride under reflux, gave the previously obtained products, the N-acetoxy-N-
acetylamino (130), the N-acetylamino (131) and the azoxy derivative (132) in 22%, 
2% and 22% yield, respectively together with a fourth product in 12% yield whose 
formulation as the N,N-diacetyl derivative (133) is in agreement with its combustion 
analysis and spectroscopic properties. Thus the ir spectrum of this fourth product 
shows carbonyl absorption at 1728 and 1711 cm 1 attributable to an ester group 
and N-acetyl groups, while its 1 H nmr spectrum shows a six proton singlet at 8H 
1.41 attributable to the two N-acetyl groups together with proton resonances 
assignable to an ethyl ester group, an isoxazole proton and four aromatic protons. 
Oxidation (Scheme 31) of the hydroxylamine derivative (129) with manganese(lV) 
oxide gave, after flash-chromatography, a yellow solid in 65% yield whose structure 
was shown to be the nitroso compound (134) by combustion analysis and 
spectroscopy. The spectrum of this compound (134) in hexadeuterio 
dimethylsulfoxide showed, besides a large one proton singlet attributable to the 
isoxazole proton of the monomer (134), two small two proton singlets attributable to 
the isoxazole protons of the trans and cis dimers (135) and (136). This indicates 
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mixture of the monomer (134) and the trans and cis dimers (135) and (136). Also 
isolated in 17% yield from this oxidation was the previously obtained azoxy 
derivative (132) whose formation can be explained by condensation of the initially 
formed nitroso compound (134) with the hydroxylamin compound (129) still present 
in the reaction mixture. 
2.3 Conjugate Addition Reactions of 2-Nitrobenzonitrile N-oxide with Active 
Methylene Comiounds and Reductive Cyclisation Reactions of the 
Resulting Isoxazole Cvcloadducts 
In order to further extend the scope of the synthesis of polyfunctionalised 2-nitro-
phenylisoxazoles it was decided to investigate the conjugate addition 144 of 2-nitro-
benzonitrile N-oxide (42) with active methylene compounds. 1 ,3-dicarbonyl 
compounds (i.e. 1 ,3-diketones, 1 ,3-diesters and 13-ketoesters) and substituted 
acetonitrile compounds were chosen as representative examples of active 
methylene compounds. 
The first 1 ,3-dicarbonyl compound investigated (Scheme 32) was acetylacetone and 
the synthesis of the 4-acyl isoxazole (137) was accomplished as a one pot reaction. 
Thus, chlorination of the aldoxime (47) under standard conditions gave the a-chloro 
oxime (48) which was converted in situ into the nitrile oxide (42) by treatment with 
triethylamine. The nitrile oxide (42) was then reacted in situ with acetylacetone in 
the presence of triethylamine to give the 4-acylisoxazole (137). Purification by flash-
chromatography gave a pale yellow solid in 22% yield, whose combustion analysis 
and spectroscopic data is in full agreement with the 4-acylisoxazole structure (137). 
The formation of the isoxazole derivative (137) can be envisaged to occur through 
one of two possible mechanistic paths; by a concerted 1 ,3-dipolar cycloaddition of 
the nitrile oxide intermediate (42) and the enolate of acetylacetone or by a stepwise 
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nitrile oxide (42) or on the a-chloro oxime (48) followed by cyclisation of the so 
formed intermediates. Regardless, of which reaction pathway is followed, the 4-
acyl-5-hydroxy-2-isoxazoline is very probably the initial common intermediate which 
on dehydration gives the 4-acylisoxazole (137) actually isolated. 
The reaction was also carried out with preformed 2-nitrobenzohydroxamoyl chloride 
(48) in an attempt to improve the yield of this reaction. Thus chlorination of the 
aldoxime (47) with N-chlorosuccinimide in the presence of a catalytic amount of 
pyridine gave a pale yellow solid in 45% yield, whose 2-nitrobenzohydroxamoyl 
chloride structure (48) is in agreement with its combustion analysis and 
spectroscopic properties. The hydroxamoyl chloride derivative (48) was then added 
to a solution of acetylacetone and triethylamine in chloroform to give the 4-acyl 
isoxazole (137) in a slightly better yield of 38%. However, the overall yield for this 
two step synthesis of the 4-acylisoxazole (137) was only 17%. 
Conjugate addition of 2-nitrobenzonitrile N-oxide (42) with diethyl malonate under 
standard conditions which should have afforded the 5-hydroxy isoxazole (138) or 
the 3-isoxazoline tautomer (140) resulted only in the isolation of unreacted diethyl 
malonate, in high yield, together with intractable material probably arising from the 
decomposition of the nitrile oxide (42). 
Conjugate addition of 2-nitrobenzonitrile N-oxide (42) with two equivalents of the 3-
ketoester diethyl 1,3-acetone dicarboxylate gave a colourless solid in excellent yield 
(87%), whose structure as the isoxazole diester (139) was shown by its combustion 
analysis and spectroscopic data. The ir spectrum contains two distinct carbonyl 
absorption bands at 1745 and 1714 cm and two bands at 1527 and 1347 cm 1 
attributable to two ester moieties and a nitro group respectively whilethe 1 H nmr 
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attributable to a methylene group and the protons of two ethyl ester groups all of 
which features are in full agreement with the assigned structure (139). 
Conjugate addition (Scheme 33) of 2-nitrobenzonitrile N-oxide (42) with substituted 
acetonitrile compounds was next investigated. This should allow the synthesis of 4-
substituted 5-aminoisoxazole derivatives (141). As in the conjugate addition of the 
nitrile N-oxide derivative (42) with I ,3-dicarbonyl compounds the formation of the 
isoxazole (141) can be envisaged to occur either through a concerted 1,3-dipolar 
cycloaddition of the nitrile oxide intermediate (42) and the enolate of the substituted 
acetonitrile derivative or by a stepwise mechanism with the initial nucleophilic attack 
of the enolate of the substituted acetonitrile derivative on the nitrile oxide (42) or on 
the a-chloro oxime (48) followed by cyclisation of the so formed intermediates. 
Irrespectively of the reaction mechanism which is followed, 4-substituted 5-imino-2-
isoxazolines are probably the primary formed reaction products which on 
tautomerisation then give the 4-substituted 5-aminoisoxazole derivatives (141). 
Conjugate addition of 2-nitrobenzonitrile N-oxide (42) with ethyl cyanoacetate under 
standard conditions gave a pale yellow solid in 45% yield, whose formulation as the 
expected 5-aminoisoxazole ester derivative (141a) is in agreement with its 
combustion analysis and spectroscopic properties. The ir spectrum shows five 
bands in the NH region at 3411, 3378, 3290, 3235 and 3121 cm -1 which could be 
due to inter- and/or intramolecular hydrogen bonding or to the presence of different 
tautomers in the solid state, a band at 1685 cm -1 attributable to a conjugated 
carbonyl group and two bands at 1530 and 1353 cm -1 attributable to a nitro group. 
However, the 1 H nmr spectrum in hexadeuterio dimethylsulfoxide shows the 
presence of only four aromatic protons, a D20 exchangeable two proton singlet at 
6H 8.00 and the protons of an ethyl ester group in full agreement with the assigned 
structure of the product as the ethyl 5-aminoisoxazole-4-carboxylate (141a). 
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In an attempt to improve the yield of the aminoisoxazole ester (141a) the conjugate 
addition was carried out by a modified procedure: instead of adding a solution of 
triethylamine to a mixture of the hydroxamoyl chloride derivative (48) (prepared in 
situ) and ethyl cyanoacetate, the hydroxamoyl chloride derivative (48) was added to 
a mixture of ethyl cyanoacetate and triethylamine. Under these conditions the 
aminoisoxazole ester (141a) could be isolated in a slightly better yield of 53%. In a 
further attempt to improve the yield, the conjugate addition was carried out with two 
equivalents of ethyl cyanoacetate. Under these modified conditions it was pleasing 
to find that the aminoisoxazole ester (141a) could be isolated in 80% yield. 
The conjugate addition of 2-nitrobenzonitrile N-oxide (42) with malono nitrile was 
also investigated. However, the synthesis of the aminocyano isoxazole derivative 
(141b) was achieved under standard conditions in only 21% yield. The ir spectrum 
shows five bands in the N-H region at 3386, 3317, 3255, 3206 and 3171 cm 
which, as in the previously described aminoisoxazole ester (141a), could be due to 
inter and/or intra molecular hydrogen bonding or to the presence of different 
tautomers in the solid state, a band at 2223 cm 1 attributable to a conjugated cyano 
group and two bands at 1517 and 1352 cm 1 attributable to a nitro group. The 1 H 
nmr spectrum in deuteriochloroform shows the presence of only four aromatic 
protons and a D20 exchangeable two proton singlet at 8H  5.60 in full agreement 
with the assigned structure (141b) with no evidence of any other tautomers. Also 
isolated from the reaction of the nitrile oxide (42) with malononitrile was impure 2-
nitrobenzonitrile (13%) which is probably formed by deoxygenation of 2-
nitrobenzonitrile N-oxide (42) under the reaction conditions. 
The conjugate addition of 2-nitrobenzonitrile N-oxide (42) with malononitrile was 
also investigated using the modified conditions, namely with two equivalents of 
malononitrile. Under these conditions the aminocyanoisoxazole derivative (141b) 
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was isolated in an increased yield of 34% along with 2-nitrobenzonitrile (10%). 
Further optimisation of this reaction by the use of Hunig's base instead of 
triethylamine under the modified conditions resulted in no improvement, producing 
the aminocyanoisoxazole derivative (141b) in 28% yield along with intractable 
material. 
In a further attempt to improve the yield of the reaction of the nitrile oxide (42) with 
malononitrile, the conjugate addition was performed with preformed 2-
nitrobenzohydroxamoyl chloride (48). Thus, reacting 2-nitrobenzohydroxamoyl 
chloride (48) with two equivalents of malononitrile in the presence of triethylamine 
gave the aminocyanoisoxazole derivative (141b) in 52% yield. However, since 2-
nitrobenzohydroxamoyl chloride (48) was obtained in only 45% yield, this represents 
no real improvement for this approach to the aminocyanoisoxazole derivative 
(141b), as the overall yield for this two step procedure is only 23%. Further 
optimisation of the efficiency of the conversion [(42)—( 141 b)] was not undertaken. 
Conjugate addition of 2-nitrobenzonitrile N-oxide (42) with two equivalents of 
cyanoacetamide, under the modified conditions, gave a complex mixture of 
products from which a beige solid was isolated in only 11% yield. The structure of 
this product as 5-aminoisoxazole-4-carboxamide (141c), is in agreement with its ir, 
nmr and accurate mass spectra. The ii spectrum shows two bands at 3473 and 
3425 cm 1 and a brought band at 3294 cm 1 attributable to N-H functionality, a 
band at 1657 cm 1 attributable to an amide carbonyl group and two bands at 1540 
and 1343 cm-1 attributable to a nitro group. The 1 H nmr spectrum shows a four 
proton multiplet at 8H  7.88-7.71 assignable to two aromatic protons and two D20 
exchangeable protons, two further aromatic protons and a D20 exchangeable two 
proton singlet at 8H  3.39 in full agreement with the assigned structure (141c). 
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The 	conjugate 	addition 	of 	2-nitrobenzonitrile 	N-oxide 	(42) 	with 
benzensulfonylacetonitrile was also investigated. Benzenesulfonylacetonitrile was 
prepared according to the literature procedure 131 in 75% yield by heating a mixture 
of benzenesulfinic acid sodium salt and chioroacetonitrile in ethanol under reflux. 
Conjugate addition of 2-nitrobenzonitrile N-oxide (42) with two equivalents of the 
triethylammonium salt of benzenesulfonylacetonitrile under the modified conditions 
gave the 5-amino-4-benzenesulfonylisoxazole derivative (141d) in excellent yield 
(91%). The 5-amino-4-benzenesulfonylisoxazole derivative (141d) gave a 
combustion analysis and showed spectroscopic properties in full agreement with its 
assigned structure. 
In order to obtain highly functionalised quinoline derivatives, which might be capable 
of elaboration to condensed polyaza heterocycles, the reductive cyclisation of the 
isoxazole derivatives synthesised by conjugate addition as described before was 
next investigated. Thus, hydrogenation (Scheme 34) of the 4-acyl-3-(2-nitrophenyl)-
isoxazole derivative (137) over Raney-nickel gave a cream solid in 83% yield which 
has been assigned the isoxazoloquinoline N-oxide structure (142) on the basis of its 
combustion analysis and spectroscopic properties. It is interesting to note that the 
isoxazoloquinoline N-oxide derivative (142) analysed first as a dihydrate and only 
after prolonged drying under high vacuum and heating was the anhydrous product 
obtained. The formation of this product requires reduction of the nitro group to the 
hydroxylamine stage followed by intramolecular cyclisation to afford the isolated 
product (142). Also isolated in the reduction of the isoxazole derivative (137) was a 
small amount (11%) of a yellow solid which has been tentatively identified, on the 
basis of its ir and accurate mass spectra, as the 4-aminoquinoline N-oxide 
derivative (143), where the isoxazo!e ring has also been reductively cleaved. 




II /') CH2CO2Et 




N ° 	 NH 2  0 
CH2CO2Et + 
	




(144) 	 (145) 
(ii) or (iii) 
H. 
NH 
CHCO2Et 	 COEt 
-' 	N 	CH2CO2Et 
H 
(146) 	 (147) 
(148) 





Due to time limitation and the limited availability of adequate amounts of material, 
further investigations on the reductive cyclisation of the 4-acyl-3-(2-nitrophenyl)-
isoxazole derivative (137) and the firm identification of the proposed 4-
aminoquinoline N-oxide derivative (143) were not undertaken. 
The reductive cyclisation of the 2-nitrophenylisoxazole diester derivative (139) was 
next invetigated. Catalytic hydrogenation (Scheme 35) of the 2-nitrophenylisoxazole 
diester derivative (139) over palladium-on-charcoal at atmospheric pressure 
resulted in the isolation of two solid products in 43% and 48% yield. On the basis of 
their combustion analysis and spectroscopic properties these products were 
identified as the 2-aminophenylisoxazole derivative (144) and the known 132 4-
aminoquinoline diester derivative (147) respectively. The ir spectrum of the 
proposed 2-aminophenylisoxazole derivative (144) shows two broad bands at 3339 
and 3126 cm-1 assignable to a primary amino group and two bands at 1721 and 
1683 cm 1 assignable to the carbonyl absorption of an unconjugated and a 
conjugated ester group, respectively while the "H nmr spectrum shows a three 
proton multiplet at 8H  7.95-7.86 assignable to an aromatic proton and two 020 
exchangeable protons, three further aromatic protons, a two proton singlet at oH 
4.34 assignable to a methylene group and the protons of two ethyl ester groups all 
of which are in full agreement with the assigned structure (144). 
The ir spectrum of the proposed 4-aminoquinoline diester derivative (147) shows 
two bands at 3432 and 3370 cm -1 and two broad bands at 3257 and 3193 cm -1 
attributable to an amino group and two bands at 1737 and 1672 cm -1 attributable to 
the carbonyl absorption of an unconjugated and a conjugated ester group 
respectively. The "H nmr spectrum shows signals due to two D20 exchangeable 
protons, four aromatic protons, a two proton singlet at 8H  4.08 assignable to a 
methylene group and the protons of two ethyl ester groups. All of this spectroscopic 
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properties are in agreement with the assigned structure (147). It is interesting to 
note that the two amino protons resonate as two singlets at 8F1  8.13 and SH 3.41 
with the former resonance probably due to hydrogen bonding of one of the amino 
group hydrogen atoms with the oxygen atom of the ester carbonyl group. The 
formation of the 4-aminoquinoline diester derivative (147) requires reduction of the 
nitro group and the isoxazole ring to give the 2-aminophenyl open chain 
intermediate (145) which can then cyclise by condensation of the aromatic amino 
group with the more reactive ketonic carbonyl substituent of the 13-ketoester to give 
the observed 4-aminoquinoline diester derivative (147). It is interesting to note that 
the formation of the 4-aminoquinoline diester derivative (147) requires reduction of 
both the nitro group and the isoxazole ring. In contrast the formation of the 2-
aminophenylisoxazole derivative (144) involves only the reduction of the nitro group, 
the isoxazole ring remaining intact. These findings can be rationalised as follows. At 
the start of the reduction either the isoxazole ring or the nitro group can be reduced. 
In the case where the nitro group is reduced first, to give the isolated 2-
aminophenylisoxazole derivative (144), the isoxazole becomes stable towards 
palladium catalysed hydrogenation and the reduction stops at this stage. In the case 
where the isoxazole ring is firstly reduced the reduction does not stop at this stage 
and the nitro group is also reduced to give, after cyclisation, the isolated 4-
aminoquinoline diester derivative (147). Since both products (144) and (147) have 
been obtained in essentially equal amounts the reaction rates for the reduction of 
the nitro group and the isoxazole ring must be essentially the same. 
Repetition of the hydrogenation of the 2-nitrophenylisoxazole derivative (139) at four 
atmospheres instead of atmospheric pressure had no influence on the ratio of the 
two component mixture obtained and the previously obtained 4-aminoquinoline 
diester derivative (147) was isolated in essentially the same yield (47%). However, 
instead of the 2-aminophenylisoxazole diester derivative (144) the ring closed 
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isoxazoloquinolone derivative (146) was obtained in 44% yield. This ring closed 
product (146) was also obtained in 96% yield after heating a solution of the 2-
aminophenylisoxazole diester derivative (144) in glacial acetic acid. The 
isoxazoloquinolone derivative (146) has been formulated as the 3-isoxazole 
tautomer on the basis of its 1 H nmr spectrum which shows two broad D20 
exchangeable one proton resonances at oH  9.34 and 0H  8.72 assignable to two NH 
groups, signals due to four aromatic protons, a one proton singlet at 0H  5.19 
assignable to an alkene hydrogen atom and proton signals due to an ethyl ester 
group all of which is in full agreement with the 3-isoxazoloquinolone structure (146) 
with a fully conjugated exocyclic double bond. The assigned structure of the product 
is also in full agreement with its combustion analysis and with the rest of its 
spectroscopic properties. Thus, the ir spectrum shows a band at 3390, a broad 
band at 3256 and two bands at 1724 and 1675 cm 1 attributable to two NH and two 
carbonyl groups. 
In order to confirm the previous observations it was decided to subject the 
isoxazoloquinolone derivative (146) to palladium-on-charcoal catalysed 
hydrogenation. Since this compound (146) was obtained by palladium catalysed 
hydrogenation of the 2-nitrophenylisoxazole derivative (139) it would be expected 
that the isoxazoloquinolone derivative (146) should be stable towards these 
conditions. Thus, palladium-on-charcoal catalysed hydrogenation of the 
isoxazoloquinolone derivative (146) resulted in the isolation of only the unreacted 
starting material in 82% yield. 
Raney-nickel catalysed hydrogenation (Scheme 36) of the 2-nitrophenylisoxazole 
diester derivative (139) gave, in contrast to the previously described palladium-on-
charcoal catalysed hydrogenation (see Scheme 35), only one product in 88% yield 
which has been identified as the cyclic hydroxamic acid derivative (149) on the basis 
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of its combustion analysis and spectroscopic properties. It is interesting to note that 
the N-hydroxyisoxazoloquinolone derivative (149) exists, as may be seen from its 
nmr spectrum, in hexadeuterio dimethylsulfoxide, as the 2-isoxazole tautomer 
(149) in contrast to the NH analogue (146) which exists as the 3-isoxazole tautomer 
(146). Thus, the 1 H nmr spectrum of the proposed N-hydroxyisoxazoloquinolone 
derivative (149) shows only one D20 exchangeable one proton signal at 8H 11.21 
assignable to an N-OH proton, four aromatic protons, a two proton singlet at 6H 
4.49 assignable to a methylene group and signals due to the protons of an ethyl 
ester group all of which features are in full agreement with its formulation as the 2-
isoxazole tautomer (149). The reason for the differing tautomeric structures of the 
isoxazoloquinoline derivatives (146) and (149) is not obvious. 
The isoxazole ring of the N-hydroxyisoxazoloquinolone derivative (149) could, in 
contrast to its NH analogue (146) be smoothly cleaved by pal lad i um-on-charcoal 
catalysed hydrogenation to give a cream solid in almost quantitative yield (98%) 
whose formulation as the N-hydroxy-aminoquinolone -ketoester derivative (150) is 
in full agreement with its combustion analysis and spectroscopic properties. 
It was speculated that it should be possible to access the NH analogue of the N-
hydroxy-aminoquinolone 3-ketoester derivative (150) by acetylation of the N-
hydroxyisoxazoloquinolone compound (149) to give the corresponding N-
acetoxyisoxazoloquinolone structure (151) which could then be hydrogenated over 
palladium-on-charcoal to give the aminoquinolone fAetoester (148) where both the 
isoxazole ring and the N-acetoxy group have been reductively cleaved. In practice 
the acetylation was accomplished by brief heating of a solution of the N-
hydroxyisoxazoloquinolone derivative (149) in acetic anhydride to give a colourless 
solid in 93% yield whose N-acetoxyisoxazoloquiriolone structure (151) is in full 
agreement with its combustion analysis and ir, 1 H nmr and mass spectra. Thus the 
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ir spectrum shows three distinct carbonyl absorptions at 1810, 1743 and 1704 cm 1 
with the absorption at 1810 cm 1 being typical 126 of the N-acetoxy functionality. 
Hydrogenation of the N-acetoxyisoxazoloquinolone derivative (151) over palladium-
on-charcoal at atmospheric pressure gave the aminoquinolone -ketoester 
derivative (148) as a cream solid, in 84% yield. The assigned structure is in full 
agreement with its combustion analysis and spectroscopic properties. Also isolated 
in this reaction was a colourless solid in 16% yield whose ir spectrum shows three 
bands at 3434, 3412 and 3187 cm 1 attributable to a primary amino group and a 
band at 1789 cm 1 attributable to a N-acetoxy group 126, suggesting that only the 
isoxazole ring has been cleaved and not the N-acetoxy bond. This is confirmed by 
its combustion analysis and its other spectroscopic properties which confirms its 
formulation as the N-acetoxyaminoquinolone derivative (152). In an attempt to 
optimise this reaction, the hydrogenation was carried out at four atmospheres 
instead of atmospheric pressure in the hope that hydrogenolysis of the N-acetoxy 
group could be driven to completion to afford only the aminoquinolone 13-ketoester 
derivative (148). However, under these conditions the previously described two 
component mixture of (148) and (152) was again obtained in essentially the same 
ratio as before, the aminoquinolone 13-ketoester derivative (148) and the N-acetoxy 
aminoquinolone 13-ketoester derivative (152) being isolated in 84% and 12% yield 
respectively. Repetition of the medium pressure hydrogenation on a larger (0.045 
mol) scale instead of a 0.004 mol scale resulted in the isolation of the 
aminoquinolone 13-ketoester derivative (148) in a somewhat lower yield of 68% 
together with the N-acetoxy aminoquinolone derivative (152) in 10% yield. Also 
obtained from this reaction was a small amount (5%) of the previously described N-
hydroxy 4-aminoquinolone 3-ketoester derivative (150) which probably arose by 
some hydrolysis of the N-acetoxy group under the reaction conditions. 
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These results demonstrate that by the correct choice of reaction conditions it is 
possible to access the biologically and chemically interesting 4-aminoquinolone 
derivatives (148) and (150), whose further synthetic exploitation will be discussed in 
Chapters 3 and 4 of this thesis, in an efficient way. The N-hydroxy 4-
aminoquinolone -ketoester derivative (150) for example can be synthesised in only 
three steps starting from the readily accessible 2-nitrobenzaldoxime (47) in an 
excellent overall yield of 75%, while the NH analogue (148) can be obtained in four 
steps in an overall yield of 60%. 
Interest was next turned to the investigation of the reductive cyclisation of ethyl 5-
aminoisoxazole-4-carboxylate (141 a). Palladium-on-charcoal catalysed 
hydrogenation (Scheme 37) of the nitrophenylisoxazole ester (141a) gave a cream 
solid in 82% yield whose formulation as the highly functionalised open chain 
compound (153) is in agreement with its combustion analysis and spectroscopic 
properties. Heating a solution of this open chain compound (153) in glacial acetic 
acid gave the ring closed quinolone derivative (154) in 90% yield whose assigned 
structure is in full agreement with its combustion analysis and spectroscopic 
properties. Repetition of the hydrogenation of the nitrophenylisoxazole ester 
derivative (141a) on a 0.2 mol scale instead of the previously described 0.004 mol 
scale resulted in the isolation of a mixture of the open chain derivative (153) and the 
ring closed derivative (154). It was observed that the reaction is exothermic. The 
exothermic nature of the reaction is probably responsible for the formation of the 
ring closed derivative (154). However, heating the obtained mixture of (153) and 
(154) in glacial acetic acid gave the desired quinolone derivative (154) in excellent 
overall yield. 
With the aminoquinolone carboxamide (154) in hand it was deemed worthwhile to 
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anticipated that under these conditions it should be possible to convert the 
quinolone derivative (154) into 4-amino-2-chloro-3-cyanoquinoline (155) by 
chlorination of the lactam group and dehydration of the amide group. The 4-amino-
2-chloro-3-cyanoquinoline (155) thus obtained could then be elaborated to linear or 
angular condensed polyaza heterocycles in various ways. In practice the reaction 
was carried out by heating a suspension of the aminoquinolone carboxamide (154) 
with phosphorus oxychloride and N,N-dimethylaniline to give a beige solid in 41% 
yield whose formulation as the known 133134 4-amino-2-chloro-3-cyanoquinoline 
is in agreement with its combustion analysis and spectroscopic properties. 
The melting point and the spectroscopic properties of the product (155) are in 
agreement with those reported in the literature. 133 
Due to time limitations and the only modest yield of the chlorination reaction further 
investigations on its optimisation and the exploitation of the 4-amino-2-chloro-3-
cyanoquinoline (155) as synthetically useful intermediate for the synthesis of linear 
and angular condensed polyaza heterocycles were curtailed at this point. 
Hydrogenation (Scheme 38) of the 2-nitrophenylisoxazole derivative (141a) over 
Raney-nickel gave a colourless solid in excellent yield (93%) whose formulation as 
the hydroxylamine derivative (156) is in full agreement with its combustion analysis 
and spectroscopic properties. Heating a solution of the hydroxylamine derivative 
in glacial acetic acid resulted in the precipitation of a cream solid in 92% yield 
which has been assigned the cyclic hydroxamic acid structure (158) on the basis of 
its combustion analysis and spectroscopic properties. 
The structure of the proposed hydroxylamine derivative (156) was further confirmed 
by palladium-on-charcoal catalysed hydrogenation and by oxidation. Thus, 
hydrogenation of the hydroxylamine derivative (156) gave the previously described 
open chain enamine derivative (153) in 78% yield with the remainder of the material 
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isolated from this reaction being a two component mixture of further open chain 
enamine (153) and the ring-closed aminoquinolone carboxamide (154). 
Oxidation of the hydroxylamine derivative (156) with manganese(IV) oxide in 
acetonitrile gave a turquoise coloured solid, in 93% yield, whose assigned nitroso 
structure (157) is in full agreement with its combustion analysis and spectroscopic 
properties. 
The structure of the cyclic hydroxamic acid derivative (158) was confirmed by its 
acetylation. This was carried out by heating with acetic anhydride to produce a 
colourless solid in 95% yield whose combustion analysis and spectroscopic 
properties are in agreement with its formulation as the N-acetoxy derivative (159). In 
particular its ir spectrum showed typical absorption 126 at 1793 cm 1 for the N-
acetoxy functionality. 
It was anticipated that by palladium-on-charcoal catalysed hydrogenation of the N-
hydroxy isoxazoloquinolone derivative (158) it should be possible to cleave the 
isoxazole ring to yield the N-hydroxy analogue (160) of the previously described 4-
aminoquinolone derivative (154). In practice it was pleasing to find that palladium 
catalysed hydrogenation of the N-hydroxy isoxazoloquinolone derivative (158) gave 
a colourless solid in excellent yield (97%) whose formulation as the expected N-
hydroxy 4-aminoquinolone-3-carboxamid derivative (160) is in agreement with its 
combustion analysis and spectroscopic properties. 
The forgoing results show that by starting from the 2-nitrophenylisoxazole derivative 
(141a) and selecting the reduction conditions it is possible to access either the 
highly functionalised 4-aminoquinolone-3-carboxamid derivative (154) or the N-
hydroxy analogue (160) in an efficient way. The further synthetic exploitation of 
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Hydrogenation (Scheme 39) of the 5-amino-4-cyano-3-(2-nitrophenyl)isoxazole 
(141b) over palladium-on-charcoal gave two solid products readily separable by 
their different solubility in diethyl ether. The diethyl ether insoluble, major product 
(89%), has the quinoline N-oxide structure (161) based on its ir, 1 H nmr and 
accurate mass spectra. The ir spectrum shows a band at 3394 cm -1 and a broad 
band at 3227 cm 1 attributable to NH2 absorption and a band at 1666 cm 1 
assignable to an amide carbonyl group while the 1 H nmr spectrum shows six D20 
exchangeable protons and four aromatic protons. The accurate mass spectrum of 
the quinolone N-oxide (161) shows the expected molecular ion. All this data is in full 
agreement with the assigned structure (161). However, due to its relative instability 
no satisfactory combustion analysis could be obtained for the quinoline N-oxide 
derivative (161). 
The diethyl ether soluble, minor product (11%), is formulated as the open-chain 
enamine derivative (162) on the basis of its combustion analysis and spectroscopic 
properties; The ir spectrum in particular shows an absorption at 2185 cm -1 
attributable to a cyano group in agreement with its assigned structure (162). 
The formation of the mixture of products (161) and (162) seems to indicate that 
once the nitrophenylisoxazole derivative (141b) has been reduced to the 
hydroxylamine stage two competing reactions take place. One being nucleophilic 
attack of the hydroxylamine nitrogen atom on the cyanide carbon to give the 
quinoline N-oxide derivative (161) and the other being further reduction of the 
hydroxylamine to the amine producing the open-chain enamine derivative (162). 
From the isolated ratio of the two compounds it can be estimated that the reaction 
rate for the cyclisation is nine times greater than the reaction rate for the reduction 
of the hydroxylamine to the amine. 
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Raney-nickel catalysed hydrogenation of 5-amino-4-cyano-3-(2-nitrophenyl)-
isoxazole (141b) gave a colourless solid in 87% yield which has been formulated as 
the isoxazoloquinoline N-oxide derivative (163) on the basis of its ir, 1 H nmr and 
accurate mass spectra. The ir spectrum of this product shows a band at 3421 cm 1 
and a broad band at 3400-2800 cm 1 attributable to NH absorption while the 1 H 
nmr spectrum shows a very broad signal at 6H  12.0-2.5 assignable to NH protons 
together with four aromatic protons in full agreement with its assigned structure. 
However, no satisfactory combustion analysis could be obtained for the 
isoxazoloquinoline N-oxide derivative (163). 
The attempted palladium-on-charcoal catalysed hydrogenation (Scheme 40) of 5-
amino-4-phenylsulfonyl-3-(2-nitrophenyl)isoxazole (141 d), in the hope of obtaining 
the open-chain enamine derivative (164), resulted in complete decomposition of the 
starting material giving only a complex mixture of products from which no 
identifiable material could be obtained. 5-Amino-4-phenylsulfonyl-3-(2-
nitrophenyl)isoxazole (141d) was also subjected to Raney-nickel cátalysed 
hydrogenation in the hope of obtaining the hydroxylamine derivative (165). 
However, under these conditions only unreacted starting material (141d) was 
recovered in essentially quantitative yield. Further investigations on the reductive 
cyclisation of the readily accessible 5-amino-4-phenylsulfonyl-3-(2-nitrophenyl)-
isoxazole (141d) were curtailed at this point due to time limitations. 
130 
2.4 Experimental 
General Exoerimental Details 
Infrared spectra were recorded using a Perkin-Elmer Paragon 1000 Fourier-
Transform spectrophotometer or a Bio-Rad FTS-7 Fourier-Transform 
spectrophotometer and bands were strong and sharp unless specified as w (weak) 
or br (broad). Solids were measured as suspensions (mulls) in Nujol and liquids as 
thin films. 
nmr spectra were measured in the stated solvent at 200MHz using a Variari 
Gemini instrument or a Bruker AC-200 instrument, at 250MHz using a Bruker AC-
250 instrument, or at 360MHz using a Bruker WH-360 instrument. Signals were 
sharp unless specified as; bs = broad signal, bt = broad triplet, s = singlet, d = 
doublet, dd = double doublet, dq = double quartet, t = triplet, q = quartet and m = 
multiplet. 13C nmr spectra were measured in the stated solvent at 50 MHz using a 
Bruker AC-200 instrument, at 62.5MHz using a Bruker AC-250 instrument or at 
90MHz using a Bruker WH-360 instrument and were fully decoupled. Signals were 
sharp and quat = quaternary carbon atom. Quaternary carbon atoms and methylene 
groups were identified by 3it/4 DEPT (Distórtionless Enhancement by Polarisation 
Transfer) pulse sequence spectra. 
Electron Impact (El) mass spectra were recorded at 70 eV on Finegan Quad 4600 
and Kratos MS-50TC instruments. Fast Atom Bombardment (FAB) mass spectra 
were recorded at 7 keV on a Kratos MS-50TC instrument for matrices in thioglycerol 
and 3-nitrobenzyl alcohol. Atmospheric Pressure Chemical lonisation (APCI) mass 
spectra were recorded on Thermoquest LCQ and Micromass Platform II 
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instruments. Electrospray (ES) mass spectra were recorded on a Micromass 
Platform II instrument. 
X-ray diffraction data were collected using a Stoe-Stadi four circle diffractometer on 
single crystals grown from the stated crystallisation solvent. 
Elemental analyses were determined using a Perkin-Elmer 2400 elemental 
analyser. Routine melting points (mp) were carried out using a Gallenkamp 
apparatus and are uncorrected. Melting points of analytical samples were 
determined using a Kofler hot-stage apparatus and are uncorrected. 
All reagents were laboratory grade unless specified. Sodium hydride was a 60% 
dispersion in mineral oil and was washed with anhydrous ether before use. 
Activated manganese(lV) oxide type was supplied by Aldrich (cat. No. 21 ,764-6). 
Solvents were of technical grade unless otherwise stated and light petroleum had bp 
60-80°C. Anhydrous solvents were dried as follows. Acetonitrile, dimethylformamide, 
dichloromethane and chloroform were distilled and stored ov er anhydrous 4A 
molecular sieves. 1 ,4-Dioxane and 1 ,2-dimethoxyethane were distilled from calcium 
hydride and stored over 4A molecular sieves. Xylene was distilled and stored over 
sodium wire. Ether and toluene were dried with sodium wire. Ethanol was distilled 
from magnesium and iodine and stored over 4A molecular sieves. Tetrahydrofuran 
was distilled from sodium and benzophenone and stored over 4A molecular sieves. 
Organic extracts were dried over anhydrous magnesium sulphate prior to filtration 
and rotary evaporation under reduced pressure. 
Wet column flash-chromatography was carried out over silica (Fluka Kieselgel 60, 
220-440 mesh). Thin layer chromatography (tic) was carried out using Polygram SIL 
G/UV254 precoated plastic sheets. 
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Elemental Analyses and Mass Spectroscopic Data 
Elemental analyses and mass spectroscopic data are collected in Table 3; Pages 
223-226. 
2-Nitrobenzaldoxime (47) 
A solution of 2-nitrobenzaldehyde (46) (60.4g; 0.4mol) in ethanol (200m1) was 
treated with a solution of hydroxylamine hydrochloride (224g; 3.2mol) in water 
(700m1) followed by a solution of sodium acetate (262g; 3.2mol) in water (600ml) 
and the resulting solution was stirred and heated under reflux for lh. 
The yellow solution was rotary evaporated and the residue was treated with water 
(800m1) and extracted several times with ethyl acetate (3x200ml). The combined 
organic extracts were washed with water (lOOmI) and the organic phase 
concentrated by rotary evaporation and diluted with light petroleum (bp 40-60°C) to 
afford 2-nitobenzaldoxime (47) as a pale yellow solid (64.5g; 97%), mp 98-100°C, 
identical (mp and ir spectrum) to an authentic sample. 115 
The Generation of 2-Nitrobenzonitrile N-Oxide (42) 
A suspension of N-chlorosuccinimide (3.0g; 0.023mol) in anhydrous chloroform 
(7.5m1) was stirred under nitrogen and treated at room temperature with pyridine 
(0.1ml) followed by a solution of 2-nitrobenzaldoxime (47) (2.5g; 0.015mol in 
anhydrous chloroform (6.Oml) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. The resulting solution was cooled to 0-5°C (ice 
bath) and treated at this temperature over I h with a solution of triethylamine (1 .5g; 
0.015mol) in anhydrous chloroform (2.OmI). The mixture was then stirred in the 
melting ice bath for 3h. 
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The mixture was washed with water (2x15.Oml) and rotary evaporated to give an 
orange gum (3.1g), vmax  3500-2800 br (NH and/or OH), 2303 (CN-O), 1774 and 
1710 (C=O), and 1530 and 1347 (NO2) cm -1 whose tic in hexane-ethyl acetate (7:3) 
over silica showed it to be a two component mixture. The gum was left standing at 
room temperature over night to give a brown foam (3.1g)), vmax 3500-2800 br (NH 
and/or OH), 2303 w (CN-O), 1774 and 1710 (C=O), and 1530 and 1347 (NO2) 
cm 1 whose tic in hexane-ethyl acetate (7:3) over silica showed it to be at least a 
seven component mixture, which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave an orange oil (0.45g). This was 
triturated with diethyi ether to afford 3,4-di-(2-nitrophenyl)-1 ,2,5-oxadiazole-2-oxide 
(49) (0.11g; 4%) which formed yellow needles, mp 161-163°C (from isopropanol), 
vmax 1611 (C=N) and 1529and 1345 (NO2) cm1, 6H  (CDCI3) 8.12-8.05 (21-1, m, 
ArH) and 7.99-7.54 (61-1, m, ArH). 
The Generation and Cycloaddition Reactions of 2-Nitrobenzonitrile N-Oxide (42) 
with Alkenes 
(a) A suspension of N-chlorosuccinimide (3.0g; 0.023mol) in anhydrous chloroform 
(7.5m1) was stirred under nitrogen and treated at room temperature with pyridine 
(0.10mi) followed by a suspension of 2-nitrobenzaldoxime (47) (2.5g; 0.015mol) in 
anhydrous chloroform (6.Omi) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 1 5mm. The resulting solution was cooled to room 
temperature and treated with a solution of the appropriate alkene (0.019mol) in 
anhydrous chloroform (2.Oml) and the resulting solution was stirred under nitrogen 
and heated at 50°C, then treated dropwise over 0.5h with a solution of triethylamine 
(1.5g; 0.01 Smol) in anhydrous chloroform (2.Oml). The mixture was then stirred and 
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heated under nitrogen at 50°C for a further 0.5h then worked up as described for the 
individual reactions below. 
(b) A suspension of N-chlorosuccinimide (3.0g; 0.023mol) in anhydrous chloroform 
(7.5m1) was stirred under nitrogen and treated at room temperature with pyridine 
(O.lOmi) followed by a suspension of 2-nitrobenzaidoxime (47) (2.5g; 0.015mol) in 
anhydrous chloroform (6.Oml) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. The resulting solution was cooled to 0-5°C (ice 
bath) and treated with a solution of the appropriate alkene (0.019mol) in anhydrous 
chloroform (2.Oml) and the mixture was then treated dropwise under nitrogen at 0-
5°C (ice bath) over 1 h with a solution of triethylamine (1 .5g; 0.01 Smol) in anhydrous 
chloroform (2.Oml). The mixture was then stirred under nitrogen in the melting ice 
bath for 3h and then heated at 50°C for a further 0.5h then worked up as described 
for the individual reactions below. - 
(I) Syn Diethyl 3-(2-Nitrophenyl)-2-isoxazoline-4, 5-dicarboxylate (50) 
(i) The solution from the reaction with diethyl maleate, obtained according to the 
general method (a), was cooled to room temperature, washed with water (2x15.Oml) 
and the chloroform layer rotary evaporated to give an orange oil (5.9g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (4:1) gave unreacted diethyl maleate as a yellow 
oil (1 .6g; 50%), identified by comparison [ir spectrum and tIc in hexane-ethyl acetate 
(9:1) over silica] with an authentic sample. 
Elution with hexane-ethyl acetate (3:1) gave impure 2-nitrobenzaldoxime (47) as an 
orange oil (0.92g; 37%), identified by comparison [ir spectrum and tic in hexane-
ethyl acetate (7:3) over silica] with an authentic sample. 
135 
Further elution with hexane-ethyl acetate (3:1) afforded an unresolvable 2:1 mixture 
of syn diethyl 3-(2-nitrophenyl)-2-isoxazoline-4,5-dicarboxylate and anti diethyl 3-(2- 
nitrophenyl)-2-isoxazoline-4,5-dicarboxylate (50) and (51) (1.8g; 36%) as a yellow 
oil, vmax 1740 (C=O) and 1531 and 1347 (NO2) cm1, 8H  (CDCI3) 8.22-8.17 (21-1, 
m, ArH) [(50) and (51)], 7.76-7.57 (61-1, m, ArH) [(50) and (51)], 5.60 (1H, d, J 6.1, 
isoxazolineH) (51), 5.44 (IH, d, J 11.0, isoxazolineH) (50), 4.94 (1H, d, J 11.0, 
isoxazolineH) (50), 4.83 (11-1, d, J 6.1, isoxazolineH) (51), 4.39-4.19 (4H, m, CH2) 
[(50) and (51)], 4.08-3.92 (41-1, m, CH2) [(50) and (51)], 1.35 (31-1, t, J 7.1, CH3) (51), 
1.30 (3H, t, J 7.1, CH3) (50) and 1.04-0.93 (61-1, m, 2xCH3) [(50) and (51)], 8 C  
(CDCI3) 168.3 (quat) (51), 167.1 (quat) (50), 166.2 (quat) (51), 165.8 (quat) (50), 
154.4 (quat) (50), 153.0 (quat) (51), 147.2 (quat) [(50) and (51)], 133.9 (CH) (50), 
133.7 (CH) (51), 132.6 (CH) (50), 132.3 (CH) (51), 131.1 (CH) (50), 131.0 (CH) (51), 
124.8 (CH) [(50) and (51)], 123.9 (quat) [(50) and (51)], 81.3 (CH) (51), 80.9 (CH) 
(50), 62.4 (CH2) (51), 62.2 (CH2) (51), 61.9 (CH2) (50), 61.8 (CH2) (50), 58.2 (CH) 
(anti), 57.4 (CH) (50), 13.9 (CH3) (51), 13.8 (CH3) (50) and 13.4 (CH3) [(50) and 
(51)]. 
The 1 H nmr spectrum of a four week old sample of the mixture (50) and (51) which 
had solidified showed only the presence of the anti isomer (51). 
The 1 H nmr spectrum of a five week old sample of the mixture (50) and (51) which 
had remained oily showed it to be still a 1:1 mixture of the syn and anti isomeres 
(50) and (51). 
(II) Anti Diethyl 3-(2-Nitrophenyl)-2-isoxazoline-45-djcarboxylate (51) 
(i) The solution from the reaction with diethyl fumarate, obtained according to the 
general method (a), was cooled to room temperature, washed with water (2x15.0ml) 
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and the chloroform layer rotary evaporated to give an orange oil which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (19:1) gave unreacted diethyl fumarate (20%), 
identified by comparison [ir spectrum and tic in hexane-ethyl acetate (9:1) over 
silica] with an authentic sample. 
Eiution with hexane-ethyl acetate (4:1) gave impure 2-nitrobenzaldoxime (47) as an 
orange oil (14%), identified by comparison [ir spectrum and tIc in hexane-ethyl 
acetate (7:3) over silica] with an authentic sample. 
Elution with hexane-ethyl acetate (7:3) afforded anti diethyl 3-(2-nitrophenyl)-2- 
isoxazoline-4,5-dicarboxylate (51) (86%) as an orange oil, vmax  1739 (C=O) and 
1531 and 1348 (NO2) cm 1 , oH  (COd3) 8.23-8.20 (IH, m, ArH), 7.73-7.59 (3H, m, 
ArH), 5.62 (IH, d, J 6.2, isoxazolineH), 4.85 (11-1, d, J 6.2, isoxazolineH), 4.36 (21-1, 
q, J 7.1, CH2), 4.10-3.98 (21-1, m, CH2), 1.37 (31-1, t, J 7.1, CH3) and 0.99 (3H, t, J 
7.1, CH3), Or, (CDCI3) 168.3 (quat), 166.2 (quat), 153.0 (quat), 147.3 (quat), 133.7 
(CH), 132.3 (CH), 131.0 (CH), 124.8 (CH), 123.9 (quat), 81.3 (CH), 62.4 (CH2), 62.2 
(CH2), 58.2 CH), 13.9 (CH3) and 13.4 (CH3). The oil solidified after four weeks at 
room temperature to give a yellow solid which formed pale yellow needles, mp 55-
560C (from ethanol), vmax  1753 and 1725 (C=O) and 1529 and 1348 (NO2) cm 1 , 
0H (CDCI3) 8.20-8.16 (11-1, m, ArH), 7.73-7.59 (31-1, m, ArH), 5.59 (IH, d, J 6.2, 
isoxazolineH), 4.82 (IH, d, J 6.2, isoxazolineH), 4.34 (2H, q, J 7.1, CH2), 4.07-3.97 
(2H, m, CH2), 1.35 (31-1, t, J 7.1, CH3) and 0.96 (31-1, t, J 7.1, CH3). 
(ii) The solution from the reaction with diethyl fumarate, obtained according to the 
general method (b) but using 1.5 molar equivalents of diethyl fumarate, was cooled 
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to room temperature, washed with water (2x1 5.Oml) and the chloroform phase rotary 
evaporated. The residue was crystallised from ethanol to give a pale yellow solid 
which was combined with a second crop, obtained by rotary evaporation of the 
ethanolic mother liquor and flash-chromatography of the residue in hexane-ethyl 
acetate (7:3) over silica and the oily solid was washed with ethanol, to afford anti 
diethyl 3-(2-nitrophenyl)-2-isoxazoline-4,5-dicarboxylate (51) (total 82%) as a pale 
yellow solid, mp 54-57°C, identified by comparison (mp and ir spectrum) with a 
sample prepared before. 
(Ill) Ethyl 3-(2-Nitrophenyl)-2-isoxazoline-5-carboxylate (61) 
(i) The solution from the reaction with ethyl acrylate, obtained according to the 
general method (a), was cooled to room temperature, washed with water (2x15.Oml) 
and the chloroform phase was rotary evaporated to give an orange oil which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (3:1) afforded ethyl 3-(2-nitrophenyl)-2- 
isoxazoline-5-carboxylate (61) (67%) as a yellow oil, bp 180-200°C/0.01mmHg, 
vmax 1740 (C=O) and 1532 and 1346 (NO2) cm 1 , SH  (CDCI3) 8.18-8.07 (IH, m, 
ArH), 7.74-7.55 (3H, m, ArH), 5.23 (1H, dd, J 10.8 and 7.0, isoxazolineH-5), 4.30 
(2H, q, J 7.1, CH2), 3.60 (IH, dd, J 16.9 and 10.8, isoxazolineH-4), 3.48 (IH, dd, J 
16.9 and 7.0, isoxazolineH-4) and 1.33 (3H, t, J 7.1, CH3), 6C (CDCI3) 169.6 (quat), 
155.0 (quat), 147.5 (quat), 133.5 (CH), 130.9 (CH), 130.8 (CH), 124.6 (CH), 124.2 
(quat), 78.3 (CH), 61.8 (CH2), 41.0 (CH2) and 13.8 (CH3). 
(IV) Anti Ethyl 5-Methyl-3-(2-nitrophenyl)-2-isoxazoline-4-carboxylate (70) 
(i) The solution from the reaction with ethyl crotonate, obtained according to the 
general method (a), was cooled to room temperature, washed with water (2x1 5.Oml) 
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and the chloroform phase rotary evaporated to give a red oil (4.0g) which was flash-
chromatographed over silica. 
Elution with hexane-dichloromethane (2:3) afforded anti ethyl 5-methyl-3-(2- 
nitrophenyl)-2-isoxazoline-4-carboxylate (70) (1 .lg; 27%) which formed pale yellow 
needles, mp 61-62°C (from ethanol), vmax 1721 (C=O) and 1527 and 1348 (NO2) 
cm1, 5H  (CDCI3) 8.19-8.14 (IH, m, ArH), 7.74-7.56 (3H, m, ArH), 5.17 (IH, dq, J 
7.7 and 6.3, isoxazolineH-5), 4.18 (IH, d, J 7.7, isoxazolineH-4), 4.07-3.91 (21-1, m, 
CH2), 1.58 (3H, d, J 6.3, CH3) and 0.98 (3H, t, J 7.1, CH3). 
(ii) The solution from the reaction with ethyl crotonate, obtained according to the 
general method (a) but heating the mixture at 50°C for 20h, was cooled to room 
temperature, washed with water (2x15.Oml) and the chloroform phase rotary 
evaporated to give a red oil (3.4g) which was flash-chromatographed over silica. 
Elution with hexane-dichloromethane (2:3) anti ethyl 5-methyl-3-(2-nitrophenyl)-2-
isoxazoline-4-carboxylate (70) as an orange oily solid (0.94g; 23%), identified by 
comparison [ir spectrum and tIc in hexane-dichloromethane (1:4) over silica] with a 
sample prepared before. 
(V) 3-(2-Nitrophenyl)-3a.4,5,67.7a-hexahydro-4-oxobenz[dlisoxazole (73) 
(i) The solution from the reaction with 2-cyclohexen-1-one, obtained according to the 
general method (a), was cooled to room temperature, washed with water (2x15.Oml) 
and the chloroform phase rotary evaporated to give a red oil (4.9g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (3:1) gave impure 2-cyclohexen-1 -one as a yellow 
liquid (1 .2g; 67%), identified by comparison [ir spectrum and tic in hexane-ethyl 
acetate (7:3) over silica] with an authentic sample. 
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Elution with hexane-ethyl acetate (7:3) gave a yellow solid (2.0g) which was 
crystallised from ethanol to afford 3-(2-nitrophenyl)-3a ,4, 5,6,7, 7a-hexahydro-4- 
oxobenz[d]isoxazole (73) which formed pale yellow crystals, mp 97-98°C (from 
ethanol), vmax 3385 br (OH), 1708 (C=O) and 1526 and 1348 (NO2) cm1, 8H 
(CDCI3) 8.09-8.04 (IH, m, ArH), 7.72-7.53 (3H, m, ArH), 5.23-5.16 (11-1, m, 
isoxazolineH-5), 4.12 (11-1, d, J 9.6, isoxazolineH-4), 3.48 (IH, dd, J 16.9 and 7.0, 
isoxazolineH-4) and 2.46-1.80 (6H, m, 3xCH2), fr (CDCI3) 205.1 (quat), 155.3 
(quat), 147.5 (quat), 133.5 (CH), 131.8 (CH), 130.5 (CH), 125.3 (quat), 124.5 (CH), 
82.1 (CH), 60.0 (CH), 39.6 (CH2), 25.8 (CH2) and 18.2 (CH2), whose structure was 
confirmed by X-ray analysis (see Figure 13 and Tables 1 and 2, p.  60). 
The isoxazoline derivative (73) was partially converted into the isoxazole derivative 
(74) on standing, as shown by I  H nmr spectrum. 
(ii) A suspension of N-chlorosuccinimide (3.0g; 0.023mol) in anhydrous 1,2-
dimethoxyethane (7.5m1) was stirred under nitrogen and treated at room 
temperature with pyridine (0.10mI) followed by a suspension of 2-nitrobenzaldoxime 
(47) (2.5g; 0.01 5mol) in anhydrous I ,2-dimethoxyethane (6.Oml) and the resulting 
suspension was stirred and heated at 40°C under nitrogen for 45min and then briefly 
heated to reflux. The resulting yellow solution was cooled to room temperature and 
treated with a solution of 2-cyclohexen-1-one (1.8g; 0.019mol) in anhydrous 1,2-
dimethoxyethane (2.Oml) and the resulting solution was stirred under nitrogen and 
heated under reflux, then treated dropwise over 0.5h with a solution of triethylamine 
(1.5g; 0.015mol) in anhydrous 1,2-dimethoxyethane (2.Oml). The resulting solution 
was then stirred under nitrogen and heated under reflux for a further 0.5h. 
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The mixture was rotary evaporated, the residue treated with water (1 5.Oml) and the 
mixture extracted with dichioromethane (2x15.Oml) to give an orange red oil which 
was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (3:1) afforded an unresolvable 4:1 mixture 3-(2- 
nitrophenyi)-3a,4,5, 6,7, 7a-hexahydro-4-oxobenz[d]isoxazoie and 3-(2-nitrophenyl)- 
4-oxo-4,5,6,7-tetrahydrobenz[d]isoxazoie (73) and (74) as a beige solid (1 .9g), mp 
9296°C, vmax 3385 br (OH), 1708 (C=O) and 1526 and 1348 (NO2) cm1, 6H 
(COd3) 8.21-8.18 (IH, m, ArH) (74), 8.09-8.05 (IH, m, ArH) (73), 7.71-7.53 (6H, m, 
ArH) (73) and (74), 5.23-5.16 (IH, m, isoxazolineH-5) (73), 4.12 (11-1, d, J 9.6, 
isoxazolineH-4) (73), 3.48 (IH, dd, J 16.9 and 7.0, isoxazolineH-4) (73), 3.04 (21-1, t, 
J 6.3, CH2) (74) and 2.47-1.83 (IOH, m, CH2) (73) and (74), 6r (CDCI3) 205.1 
(quat) (73), 192.1 (quat) (74), 180.8 (quat) (74), 157.6 (quat) (74), 155.3 (quat) (73), 
148.2 (quat) (74), 147.5 (quat) (73), 133.5 (CH) (73), 133.3 (CH) (74), 131.9 (CH) 
(74), 131.8 (CH) (73), 131.0 (CH) (74), 130.5 (CH) (73), 125.3 (quat) (73), 124.8 
(CH) (74), 124.5 (CH)(73), 123.1 (quat) (74), 114.1 (quat) (74), 82.1 (CH)(73), 60.0 
(CH) (73), 39.6 (CH2) (73), 37.4 (CH2) (74), 25.8 (CH2) (73), 22.9 (CH2) (74), 21.9 
(CH2) (74) and 18.2 (CH2) (73). 
(iii) The solution from the reaction with 2-cyciohexen-1-one, obtained according to 
the general method (a) but using N-ethyl diisopropyiamine, was cooled to room 
temperature, washed with water (2x15.Oml) and the chloroform phase was rotary 
evaporated to give an orange red oil (4.8g) which was flash-chromatographed over 
silica. 
Elution with hexane-ethyl acetate (3:1) gave impure 2-cyciohexen-1 -one (1 .2g; 
67%), identified by comparison [ir spectrum and tic in hexane-ethyl acetate (7:3) 
over siiica] with an authentic sample. 
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Further elution with hexane-ethyl acetate (3:1) afforded an unresolvable 5:1 mixture 
of 3-(2-nitrophenyl)-3a,4,5,6,7, 7a-hexahydro-4-oxobenz[d]isoxazole and 3-(2- 
nitrophenyl)-4-oxo-4,5,6,7-tetrahydrobenz[d]isoxazole (73) and (74) as a beige solid 
(1.6g), mp 93-97°C, identified by comparison (ir, 'H and 13C n.m.r spectra) with a 
sample prepared before. 
(iv) The solution from the reaction with 2-cyclohexen-1-one, obtained according to 
the general method (b), was cooled to room temperature, washed with water 
(2x15.Oml) and the chloroform phase rotary evaporated to give an orange red oil 
(4.9g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (4:1) gave impure 2-cyclohexen-1-one (0.53g; 
33%), identified by comparison [ir spectrum and tic in hexane-ethyl acetate (7:3) 
over silica] with an authentic sample. 
Elution with hexane-ethyl acetate (3:1) afforded an unresolvable 5:1 mixture of 3-(2- 
nitrophenyl)-3a ,4, 5,6,7, 7a-hexahydro-4-oxobenz[d]isoxazole and 3-(2-nitrophenyl)- 
4-oxo-4,5,6,7-tetrahydrobenz[d]isoxazole (73) and (74) as a beige solid (2.4g), mp 
94-99°C, identified by comparison (ir, 'H and 13C n.m.r spectra) with a sample 
prepared before. 
(VI) 4, 5-Dicyano-3-(2-nitrophenyl)isoxazole (79) 
(i) The solution from the reaction with fumaronitrile, obtained according to the 
general method (a), was cooled to room temperature, washed with water (2x15.Oml) 
and the chloroform phase rotary evaporated to give a brown semisolid which was 
flash-chromatographed over silica. 
Elution with 	hexane-ethyl 	acetate (85:15) 	afforded 4,5-dicyano-3-(2- 
nitrophenyl)isoxazole (79) (19%) which formed cream microcrystals, mp 120-122°C 
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(from ethanol), vmax 2248 (CN) and 1530 and 1347 (NO2) cm1, 8H  (CDCI3) 8.43-
8.33 (IH, m, ArH), 7.94-7.79 (2H, m, ArH) and 7.67-7.58 (1H, m, ArH). 
Anti Diethyl 3-(2-Nitrophenyl)-2-isoxazoline-4. 5-dicarboxylate (51) 
A solution of a 3:1 mixture of syn diethyl 3-(2-nitrophenyl)-2-isoxazoline4,5-
dicarboxylate and anti diethyl 3-(2-nitrophenyl)-2-isoxazoline4, 5-dicarboxylate (50) 
and (51) (0.34g; 0.001mol) in anhydrous 1,2-dimethoxyethane (5.Oml) was treated 
with triethylamine (1 drop) and the resulting solution was stirred at 50°C with the 
exclusion of atmospheric moisture for lh. 
The solution was rotary evaporated to give a red brown oil (0.34g; 100%) whose 1 H 
nmr spectrum showed it to be a 1:12 mixture of syn diethyl 3-(2-nitrophenyl)-2-
isoxazoline-4, 5-dicarboxylate and anti diethyl 3-(2-nitrophenyl)-2-isoxazoline-4, 5-
dicarboxylate (50) and (51). 
The AttemDted Alkaline Hydrolysis of Anti Diethyl 3-(2-Nitrophenyl)-2-isoxazoline-
4,5-dicarboxylate (51) 
A solution of the diester derivative (51) (0.67g; 0.002mol) in 2M aqueous sodium 
hydroxide (5.Oml) was stirred and heated under reflux for 0.5h. 
Extraction of the solution with dichloromethane (3x5.Oml) gave no material. 
Acidification of the stirred and cooled (ice bath) aqueous phase with concentrated 
hydrochloric acid followed by extraction with ethyl acetate (3x10.Oml) gave a brown 
foam (0.40g) which was treated with light petroleum (bp 40-60°C) to give an 
intractable brown solid (0.32g), mp 53-74°C, from which no identifiable material 
could be obtained. 
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Diethyl 3-(2-Nitroøhenyl)isoxazole-4. 5-dicarboxvlate (54 
A solution of anti diethyl 3-(2-nitrophenyl)-2-isoxazoline-4, 5-dicarboxylate (51) 
(0.67g; 0.002mol) in anhydrous acetonitrile (20.Oml) was stirred and treated with 
activated manganese(IV) oxide (1 .Og) and the resulting dark suspension was stirred 
at room temperature for 15mm. 
The suspension was filtered through celite and the filtrate was rotary evaporated to 
give a pale yellow oil. This was triturated with light petroleum (bp 40-60°C) to afford 
diethyl 3-(2-nitrophenyl)isoxazole-4,5-dicarboxylate (54) (0.51g; 76%) which formed 
cream microcrystals, mp 62-63°C (from methanol), vmax 1751 and 1729 (C=O) and 
1532 and 1364 (NO2) cm1, 6H  (CDCI3) 8.29-8.24 (1H, m, ArH), 7.80-7.65 (2H, m, 
ArH), 7.57-7.52 (1H, m, ArH), 4.49 (21-1, q, J 7.1, CH2), 4.14 (21-1, q, J 7.1, CH2), 
1.43 (31-1, t, J 7.1, CH3), and 1.16 (31-1, t, J 7.1, CH3). 
Anti 3-(2-Nitrophenyl12-isoxazoline-4. 5-dicarbohvdrazide (52 
(a) A solution of anti diethyl 3-(2-nitrophenyl)-2-isoxazoline-4,5-dicarboxylate (51) 
(0.67g; 0.002mol) in ethanol (5.Oml) was stirred and treated with a solution of 100% 
hydrazine monohydrate (0.10g; 0.002mol) in ethanol (5.OmI) and the resulting 
solution was then stirred and heated under reflux for 4.5h. 
The solid which precipitated from the solution on cooling was collected to afford anti 
3-(2-nitrophenyl)-2-isoxazoline-4, 5-dicarbohydrazide (52) (0.40g; 64%), which 
formed colourless microcrystals, mp 166-168°C (decomp) (from methanol), vmax 
3408, 3347, 3283 br and 3214 (NH and NH2), 1697 and 1652 (C=O), and 1525 and 
1347 (NO2) cm1, 8H  [(CD3)2S=0] 9.65 (IH, s, NH) (exch), 9.54 (IH, s, NH) (exch), 
8.15-8.11 (IH, m, ArH), 7.86-7.71 (21-1, m, ArH), 7.56-7.52 (IH, m, ArH), 5.21 (1H, d, 
144 
J 7.3, isoxazolineH), 4.72 (IH, d, J 7.3, isoxazolineH), 4.43 (2H, s, NH2) (exch), and 
4.34 (2H, s, NH2) (exch). 
Rotary evaporation of the ethanol mother liquor gave anti diethyl 3-(2-nitrophenyl)-2-
isoxazoline-4,5-dicarboxylate (51) as a yellow oil (0.31g; 46%), identified by 
comparison [ir spectrum and tic in toluene-ethyl acetate (96:4) over silica] with a 
sample prepared before. 
(b) A solution of a 3:1 mixture of syn diethyl 3-(2-nitrophenyl)-2-isoxazoline-4,5-
dicarboxylate and anti diethyl 3-(2-nitrophenyi)-2-isoxazoline-4, 5-dicarboxylate (50) 
and (51) (0.50g; 0.0015mol) in ethanol (5.Oml) was stirred and treated with a 
solutiOn of 100% hydrazine monohydrate (0.0759; 0.0015mol) in ethanol (5.Oml) and 
the resulting solution was then stirred and heated under reflux for 3h. 
The resulting suspension was cooled to 0°C and the insoluble solid was collected to 
afford anti 3-(2-nitrophenyl)-2-isoxazoline-4,5-dicarbohydrazide (52) (0.1 7g; 37%) as 
a colourless solid, mp 162-167°C (decomp), identified by comparison, [mp, ir and I 
nmr spectra and tic in dichloromethane-methanol (9:1) over silica] with a sample 
prepared before. 
Rotary evaporation of the ethanol mother liquor gave impure starting material as a 
yellow oil (0.29g; 58%), identified by comparison [ir spectrum and tIc in hexane-ethyl 
acetate (7:3) over silica] with a sample prepared before. 
Ethyl 4. 5-Dihydro-4-oxoisoxazolo[4, 3-clpuinoline-3-carboxylate (57) 
A solution of anti diethyl 3-(2-nitrophenyl)-2-isoxazoline-4,5-dicarboxylate (51) 
(0.67g; 0.002moI) in ethanol (20.Oml) was hydrogenated over 10% palladium-on-
charcoal (0.067g) at room temperature and atmospheric pressure for 2h. 
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The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a yellow oil (0.63g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (3:1) afforded ethyl 4,5-dihydro-4-
oxoisoxazolo[4,3-c]quinoline-3-carboxylate (57) (0.016g; 3%) as pale yellow 
needles, mp 252-254°C, (decomp with gas evolution) (from methanol), vmax  3000 
2600 (NH) and 1734 and 1683 (C=O) cm1, 8H  [(CD3)2S0] 11.54 (IH, 5, NH) 
(exch), 8.10-8.06 (1H, m, ArH), 7.66-7.57 (IH, m, ArH), 7.37-7.23 (21-1, m, ArH), 4.46 
(21-1, q, J 7.1, CH2), and 1.38 (3H, t, J 7.1, CH3). 
Further elution with hexane-ethyl acetate (3:1) through to ethyl acetate and finally 
ethyl acetate-methanol (9:1) gave a series of solids (total 0.44g) whose tic in 
hexane-ethyl acetate (1:1) showed them to be unresolvable two component 
mixtures with one of the components identified as ethyl 4,5-dihydro-4-
oxoisoxazolo[4,3-c]quinoiine-3-carboxylate (57), which could not be further purified. 
Anti Diethyl 3-(2-Aminophenyl)-2-isoxazoline-4, 5-dicarboxylate (55) 
A solution of anti diethyl 3-(2-nitrophenyl)-2-isoxazoiine-4,5-dicarboxylate (51) (6.7g; 
0.02mol) in ethanol (200m1) was hydrogenated over 10% palladium-on-charcoal 
(0.67g) at room temperature and atmospheric pressure for 1 .5h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to 
afford anti diethyl 3-(2-aminophenyl)-2-isoxazoline-4, 5-dicarboxylate (55) as an 
unstable yellow oil (6.1g; 100%), vmax  3470 and 3354 (NH2) and 1732 (C=O) cm 1 , 
H (CDCI3) 7.37-7.32 (IH, m, ArH), 7.22-7.13 (IH, m, ArH), 6.74-6.64 (21-1, m, ArH), 
5.63 (2H, bs, NH2) 5.30 (11-1, d, J 3.9, isoxazolineH), 4.83 (IH, d, J 3.9, 
isoxazoiineH), 4.32-4.12 (4H, m, CH2)and 1.36-1.18 (6H, m, CH3). 
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The attempted conversion of the unstable amine (55) into its hydrochloride salt by 
treatment of a solution (0.50g; 0.0016mol) in anhydrous diethyl ether with hydrogen 
chloride at 0°C for 5min gave an intractable hydroscopic yellow solid (0.40g) from 
which no identifiable material could be obtained. 
The amine (55) partially solidified on standing at room temperature or in the freezer. 
Treatment of the semisolid with diethyl ether gave a small amount of a beige solid 
whose tIc in hexane-ethyl acetate (1:1) over silica showed it to be a two component 
mixture with one component identified as the isoxazoloquinoline derivative (57). 
Rotary evaporation of the ethereal mother liquor gave the amine derivative (55) as a 
yellow oil, identified by comparison (ir spectrum) with a sample prepared before. 
The Attempted Reaction of Anti Diethyl 3-(2-Aminophenyl)-2-isoxazoline-4, 5-
dicarboxvlate (55) with Phenvl lsocvanate 
A solution of the aminophenylisoxazoline derivative (55) (0.31g; 0.001mol) in 
anhydrous diethyl ether (2.5m1) was stirred under nitrogen and treated at 0-5°C (ice 
bath) with a solution of phenyl isocyanate (0.12g; 0.001mol) in anhydrous diethyl 
ether (2.5m1). The resulting solution was then stirred under nitrogen at room 
temperature for 2h. 
The solution was rotary evaporated and the residue (0.36g) flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (19:1) through to ethyl acetate and finally 
methanol gave only a series of intractable oils, gums, and semisolids (total 0.36g) 
from which no identifiable material could be obtained. 
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Thermal Cyclisation Reactions of Anti Diethyl 3-(2-Aminophenyl)-2-isoxazoiine-4. 5-
dicarboxylate (55) 
A solution of the aminophenylisoxazoline derivative (55) (0.61g; 0.002mol) in 
ethanol (10.Oml) was stirred and heated under reflux for 2h. 
The solution was rotary evaporated to give only the unreacted starting material (55) 
as a yellow oil (0.61g; 100%), identified by comparison [tic in hexane-ethyl acetate 
(1:1) over silica] with a sample prepared before. 
A solution of the aminophenylisoxazoline derivative (55) (0.61g; 0.002mol) in 
toluene (5.Oml) was stirred and heated under reflux for 3h. 
Hot-filtration of the mixture gave an intractable brown solid (0.1 8g), mp>360°C, from 
which no identifiable material could be obtained. 
Rotary evaporation of the toiuene filtrate afforded ethyl 4,5-dihydro-4-
oxoisoxazolo[4,3-c]quinoline-3-carboxylate (57) as a yellow solid (0.279; 52%), mp 
248-252°C, identified by comparison (mp and ir spectrum) with a sample prepared 
before. 
The Acid Catalysed Cyclisation of Anti Diethyl 3-(2-Aminophenyi)-2-isoxazoline-45-
dicarboxylate (55) 
A solution of the aminophenylisoxazoline derivative (55) (0.61g; 0.002mol) in 
ethanol (10.Oml) was stirred and treated with concentrated hydrochloric acid (1 drop) 
and the resulting solution was stirred at room temperature for 3h. 
The precipitated solid was collected to afford ethyl 4-oxo-3,3a,4,5-tetrahydro- 
isoxazoio[4, 3-c]quinoline-3-carboxylate (56) as a colourless solid (0.1 2g; 23%), mp 
165°C (decomp), vmax 3090-2400 br (NH, OH), 1740 (C=O), and 1639 (C=N) cm -1 , 
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Found: mlz (FABms),261 [(M+H)] 
9fj04requires: M, 260 
which decomposed on attempted further purification. 
The ethanolic mother liquor was rotary evaporated to give an orange oil (0.55g) 
which was treated with toluene and filtered to give a yellow solid (0.28g) from which 
no identifiable material could be obtained. 
Rotary evaporation of the toluene filtrate gave impure starting material (55) as a 
yellow oil (0.20g; 33%) identified by comparison (ir spectrum) with a sample 
prepared before. 
The Attempted Sodium Ethoxide Catalysed Cyclisation of Anti Diethyl 342-
Am inophenyl)-2-isoxazoline-4, 5-dicarboxylate (55) 
A solution of the aminophenylisoxazoline derivative (55) (0.61g; 0.002mol) in 
anhydrous ethanol (10.Oml) was stirred and treated at room temperature with a 
solution of sodium (0.18g.atom) in anhydrous ethanol (5.Oml). The resulting deep 
red brown solution was then stirred and heated under reflux with the exclusion of 
atmospheric moisture for lh. 
The mixture was rotary evaporated, the residue was treated with water (10.Oml) and 
filtered to give only a small amount of an intractable brown solid (0.079g), mp 315-
3350C (decomp with gas evolution), from which no identifiable material could be 
obtained. 
The aqueous phase was acidified with concentrated hydrochloric acid and treated 
with dichloromethane (10.0ml) to give a three phase mixture which was filtered to 
remove a small amount of an intractable beige solid (0.057g), mp 159-163°C 
(decomp with gas evolution). 
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Rotary evaporation of the dichloromethane phase gave no identifiable material. 
The Reaction of Anti Diethyl 3-(2-Am inophenyl)-2-isoxazoline-4. 5-dicarboxylate (55) 
with Sodium Nitrite in Aaueous Nitric Acid 
A stirred solution of the aminophenylisoxazoline derivative (55) (0.619; 0.002mol) in 
2M aqueous nitric acid (4.Oml) was cooled to 0°C (ice-salt bath) and treated 
dropwise with stirring with a solution of sodium nitrite (0.15g; 0.0022mo1) in water 
(1 .Oml) at such a rate that the reaction temperature was between 0-5°C. The mixture 
was stirred at 0-5°C for 5mm, then treated dropwise at 0-5°C with a solution of 
sodium acetate (1.2g; 0.014mol) in water (5.Oml). The mixture was then stirred in a 
melting ice bath for 2h. 
The reaction mixture was extracted with dichloromethane (2x5.Oml) to give, after 
evaporation, an orange brown oil (0.60g) which was triturated with diethyl ether to 
afford ethyl 4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinoline-3-carboxylate (57) as an 
orange solid (0.08g; 15%), mp 252-254°C, identified by comparison (mp and ir 
spectrum) with a sample prepared before. 
The ethereal mother liquor was rotary evaporated to give an orange red oil (0.47g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (4:1) afforded diethyl 3,3a-dihydroisoxazolo[4,3-
c]cinnoline-3,3a-dicarboxylate (58) (0.21g; 33%), which formed yellow crystals, mp 
98-99°C (from isopropanol), vmax  1752 and 1736 (C=O), 6H  (CDCI3) 8.30-8.25 (1H, 
m, ArH), 7.83-7.75 (2H, m, ArH), 7.66-7.58 (IH, m, ArH), 5.64 (IH, s, isoxazolineH), 
4.41 (2H, q, J 7.1, CH2), 4.09-3.97 (21-1, m, CH2), 1.38 (3H, t, J 7.1, CH3), and 1.06 
(3H, t, J 7.1, CH3). 
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The Catalytic Hydrogenation of Anti Diethyl 3-(2-Nitrophenyl)-2-isoxazoline-4. 5-
dicarboxylate (51) over Raney Nickel 
(a) A solution of the nitrophenylisoxazoline derivative (51) (1 .4g; 0.004mol) in 
ethanol (40.Oml) was hydrogenated over Raney nickel (0.14g) at room temperature 
and atmospheric pressure for 24h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
an orange oil (1 .4g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (4:1) afforded anti diethyl 3-(2-hydroxyamino- 
phenyl)-2-isoxazoline-4,5-dicarboxylate (59) as an orange oil (0.77g; 60%), vmax 
3463 br and 3302 br (NHOH), 1740 and 1729 (C=O), and 1606 (C=N) cm1, 6H 
(CDCI3) 7.42-6.73 (41-1, m, ArH), 5.33 (1H, d, J 4.3, isoxazolineH), 4.85 (IH, d, J 4.3, 
isoxazolineH), 4.32-4.09 (41-1, m, 2xCH2), 1.35 (31-1, t, J 7.1, CH3), and 1.19 (3H, t, J 
7.1, CH3). 
Found: m/z (Elms), 322 (M) 
915H1896 requires: M, 322 
The hydroxylamine derivative (59) partially solidified on standing at room 
temperature. Treatment of the semisolid with diethyl ether afforded ethyl 5-hydroxy-
4-oxo-1 ,3,4, 5-tetrahydroisoxazolo[4, 3-c]quinoline-3-carboxylate (60) (0. 56g; 51%) 
which formed colourless crystals, mp 158-160°C (decomp with gas evolution) (from 
isopropanol), vmax 3096 br and 2752 (NH and OH), 1751 and 1738 (C=O), and 
1628 (C=N) cm1, 6H  [(CD3)2S=0] 11.13 (2H, bs, NH and OH) (exch), 7.73-7.65 
(21-1, m, ArH), 7.49-744 (IH, m, ArH), 7.33-7.25 (11-1, m, ArH), 5.85 (IH, s, 
isoxazolineH), 4.16 (21-1, q, J 7.1, CH2) and 1.21 (31-1, t, J 7.1, CH3). 
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(b) A solution of the nitrophenylisoxazoline derivative (51) (1.7g; 0.005mol) in 
methanol (50.Oml) was treated with water (10.Oml) followed by solid boric acid (1.9g; 
0.03mol) and the mixture was hydrogenated over Raney nickel (0.17g) at room 
temperature and atmospheric pressure. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
residue was azeotroped with methanol and ethanol to give a yellow oil (1 .7g) which 
was treated with diethyl ether and the mixture filtered to remove some insoluble 
solid. Rotary evaporation of the ethereal mother liquor afforded anti diethyl 3-(2-
hydroxyaminophenyl)-2-isoxazoline-4,5-dicarboxylate (59) as a yellow oil (1 .6g; 
99%) identified by comparison (ir spectrum) with a sample prepared before. 
The hydroxylamine derivative (59) partially solidified on standing at room 
temperature. Treatment of the semisolid with diethyl ether afforded ethyl 5-hydroxy- 
4-oxo- 1,3,4, 5-tetrahydroisoxazolo[4, 3-c]quinoline-3-carboxylate (60) (1. 2g; 86%) as 
a yellow solid, mp 153-155°C, identified by comparison (mp and ir, ms and 'H nmr 
spectra) with a sample prepared before. 
The Attem rated Reduction of Anti Diethyl 3-(2-N itrophenyl)-2-isoxazoline-4. 5-
dicarboxvlate (51) with Tin(ll) Chloride 
A solution of the nitrophenylisoxazoline derivative (51) (1.5g; 0.004mol) in 
tetrahydrofuran (40.Oml) was stirred and treated with a solution of tin(ll) chloride 
dihydrate (4.0g) in 2M aqueous hydrochloric acid and the resulting solution was 
stirred at room temperature for lh. 
The mixture was concentrated by rotary evaporation to one half of its original 
volume then stirred, cooled (ice bath) and basified by addition of 30% w/v aqueous 
sodium hydroxide solution. The resulting brown solution was extracted with 
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dichloromethane (3x25.Oml) to give only a small amount of a brown oil which was 
not further investigated. 
The aqueous phase was acidified by the addition of concentrated hydrochloric acid 
and the mixture extracted with ethyl acetate (3x100ml) to give an intractable brown 
sticky solid (3.0g) from which no identifiable material could be obtained. 
Attempted Oxidations of Ethyl 3-(2-NitroDhenvl)-2-isoxazoline-5-carboxvlate (61 
A solution of the isoxazoline derivative (61) (0.53g; 0.002moi) in anhydrous 
acetonitrile (20.Oml) was stirred and treated with activated manganese(lV) oxide 
(1 .Og) and the resulting dark suspension was stirred at room temperature with the 
exclusion of atmospheric moisture for I 8h. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
residue treated with diethyl ether. The mixture was filtered to give a hydroscopic 
beige solid (0.1 Ig) from which no identifiable material could be obtained. 
Rotary evaporation of the ethereal mother liquor gave the unreacted isoxazoline 
derivative (61) as a yellow oil (0.46g; 87%), identified by comparison [ir spectrum 
and tic in hexane-ethyl acetate (3:1) over silica] with a sample prepared before. 
A solution of the isoxazoline derivative (61) (0.53g; 0.002mol) in anhydrous 1,4-
dioxane (20.Oml) was stirred and treated with activated manganese(lV) oxide (1.0g) 
and the resulting dark suspension was stirred and heated under reflux with the 
exclusion of atmospheric moisture for 16h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
only the unreacted isoxazoline derivative (61) as a yellow oil (0.53g; 100%), 
identified by comparison [ir spectrum and tic in hexane-ethyl acetate (7:3) over 
silica] with a sample prepared before. 
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(c) A solution of the isoxazoline derivative (61) (0.53g; 0.002mol) in glacial acetic 
acid (5.Oml) was stirred and treated with 30% w/v aqueous hydrogen peroxide 
solution (2.5ml) and the resulting solution was stirred and heated at 50°C for 24h 
The mixture was concentrated by rotary evaporation to one half of its original 
volume, diluted with water (4.Oml) and basified by the addition of solid sodium 
hydrogen carbonate. The resulting emulsion was extracted with dichloromethane 
(3x10.Oml) and the combined organic extracts washed with saturated aqueous 
sodium thiosulphate solution (2x2.Oml) and rotary evaporated to give unreacted 
starting material (61) as a yellow solid (0.38g; 72%), identified by comparison [ir 
spectrum and tIc in hexane-ethyl acetate (7:3) over silica] with a sample prepared 
before. 
Acidification of the original aqueous phase with concentrated hydrochloric acid gave 
an emulsion which was extracted with dichloromethane (3x10.Oml). The combined 
organic extracts were washed with saturated aqueous sodium thiosulphate solution 
(2x2.Oml) and rotary evaporated to afford 3-(2-nitrophenyl)-2-isoxazoline-5-
carboxylic acid (65) (0.11g; 23%), which formed cream microcrystals, mp 165-166°C 
(from isopropanol), vmax 3200-2400 (OH), 1740 (C=O) and 1518 and 1340 (NO2) 
cm 1 , oH  [(CD3)2S=O] 8.07-8.02 (IH, m, ArH), 7.86-7.69 (3H, m, ArH), 5.25 (IH, 
dd, J 7.0 and 11.5, isoxazolineH-5), 4.12 (IH, bs, OH), 3.72 (IH, dd, J 11.5 and 
17.3, isoxazolineH-4) and 3.55 (1H, dd, J 7.0 and 17.3, isoxazolineH-4). 
Ethyl 3-(2-Aminophenyl)-2-isoxazoline-5-carboxylate (62) 
A solution of the nitrophenylisoxazoline derivative (61) (10.6g; 0.04mol) in ethanol 
(400ml) was hydrogenated over 10% palladium-on-charcoal (1.1g) at room 
temperature and atmospheric pressure for I h. 
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The mixture was filtered through celite, the filtrate was rotary evaporated and the 
residue treated with diethyl ether to give a beige intractable hydroscopic solid 
(0.35g) which was not further investigated. 
Rotary evaporation of the ethereal mother liquor afforded ethyl 3-(2-aminophenyl)-2- 
isoxazoline-5-carboxylate (62) (8.6g; 92%) which formed colourless microcrystals, 
mp 72-73°C (from isopropanol), vmax 3451 and 3345 (NH2), 1741 (C=O) and 1623 
(C=N) cm1, 5H  (CDCI3) 7.22-7.11 (2H, m, ArH), 6.74-6.64 (2H, m, ArH), 5.62 (2H, 
5, NH2) (exch), 5.06 (1H, dd, J 8.4 and 9.6, isoxazolineH-5), 4.25 (2H, q, J 7.1, 
CH2), 3.74-3.69 (2H, m, isoxazolineH-4) and 1.31 (3H, t, J 7.1, CH3). 
Ethyl 3-(2-Acetylaminophenyl)-2-jsoxazoljne-5-carboxylate (64) 
A mixture of the aminophenylisoxazoline derivative (62) (0.23g; 0.001mol) in acetic 
anhydride (0.15m1) was heated at 100°C (steam bath) with the exclusion of 
atmospheric moisture for 10min and the resulting solution was left to cool to room 
temperature for 20mm. 
The solution was rotary evaporated under high vacuum (oil pump) and the residue 
treated with diethyl ether to afford ethyl 3-(2-acetylaminophenyl)-2-isoxazoline-5- 
carboxylate (64) (0.20g; 71%) which formed colourless microcrystals, mp 97-98°C 
(from ethanol), vmax 3280 (NH), 1745 and 1690 (C=O) and 1612 (C=N) cm 1 , SH 
(CDCI3) 10.48 (1H, s, NH), 8.70-8.65 (IH, m, ArH), 7.45-7.36 (IH, m, ArH), 7.29- 
7.25 (11-1, m, ArH), 7.12-7.04 (IH, m, ArH), 5.11 (1H, dd, J 10.1 and 8.3, 
isoxazolineH-5), 4.27 (2H, q, J 7.1, CH2), 3.76-3.71 (2H, m, isoxazolineH-4) and 
1.32 (3H, t, J 7.1, CH3). 
155 
The Catalytic Hydrogenation of Ethyl 3-(2-Nitrophenyl)-2-isoxazoline-5-carboxyiate 
(61) over Raney Nickel 
A solution of the nitrophenylisoxazoline derivative (61) (1.1g; 0.004mol) in ethanol 
(40.Oml) was hydrogenated over Raney nickel (0.1 lg) at room temperature and 
atmospheric pressure for 9h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a brown gum (0.94g) which was flash-chromatographed over silica 
Elution with hexane-ethyl acetate (4:1) afforded impure ethyl 3-(2-aminophenyl)-2-
isoxazoline-5-carboxylate (62) as a yellow oil (0.14g; 15%), identified by comparison 
[ir spectrum and tic in hexane-ethyl acetate (4:1) over silica] with an authentic 
sample. 
Elution with hexane-ethyl acetate (7:3) gave unreacted nitrophenylisoxazoline 
starting material (61) as an orange oil (0.28g; 26%), identified by comparison [ir 
spectrum and tic in hexane-ethyl acetate (3:2) over silica] with an authentic sample 
prepared before. 
Attempted Catalytic Hydrogenation Reactions of Ethyl 3-(2-Am inophenyl)-2-
isoxazoline-5-carboxylate (62) in the Presence of Boric Acid 
(a) A solution of the aminophenylisoxazoline derivative (62) (1 .2g; 0.002mol) in 
methanol (50.Oml) and water (10.Oml) was treated with solid boric acid (1.9g; 
0.03mol) and the mixture was thenhydrogenated over Raney nickel (0.129) at room 
temperature and atmospheric pressure for 3.5h. 
The mixture was filtered through celite and the filtrate was rotary evaporated and the 
residue azeotroped with methanol to give only the unreacted starting material (62) 
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(1.29; 100%) as a beige solid, mp 68-72°C, identified by comparison [ir spectrum 
and tic in hexane-ethyl acetate (4:1) over silica] with a sample prepared before 
(b) A solution of the aminophenylisoxazoline derivative (62) (1 .2g; 0.002mol) in 
methanol (50.Oml) and water (10.Oml) was treated with solid boric acid (1.9g; 
0.03mol) and the mixture was then hydrogenated over 10% palladium-on-charcoal 
(0.12g) at room temperature and atmospheric pressure for 14h. 
The mixture was filtered through celite and the filtrate was rotary evaporated and the 
residue azeotroped with methanol to give a brown oil (1.1g) which was treated with 
dichloromethane-diethyl ether and filtered to remove a small amount of unidentified 
solid. 
Rotary evaporation of the dichloromethane-diethyl ether filtrate gave only impure 
starting material (62) (1 .Og; 83%) as a beige semisolid, identified by comparison [ir 
spectrum and tic in hexane-ethyl acetate (4:1) over silica] with a sample prepared 
before. 
The Attempted Reaction of Ethyl 3-(2-Aminophenyl)-2-isoxazoline-5-carboxyiate 
621 with Sodium Nitrite in Aaueous Nitric Acid 
A stirred solution of the aminophenyiisoxazoline derivative (62) (0.47g; 0.002mol) in 
2M aqueous nitric acid (4.Oml) was cooled to 0°C (ice-salt bath) and treated 
dropwise with stirring with a solution of sodium nitrite (0.15g; 0.0022mo1) in water 
(1 .Oml) at such a rate that the reaction temperature was between 0-5°C. The mixture 
was stirred at 0-5°C for 5mm, then treated dropwise at 0-5°C with a solution of 
sodium acetate (1.2g; 0.014mol) in water (5.Oml). The mixture was then stirred in a 
melting ice bath for 2h. 
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The mixture was filtered to remove a small amount of an unidentified solid and the 
aqueous filtrate neutralised by the addition of 2M aqueous sodium hydroxide then a 
few drops of glacial acetic acid. Extraction with dichloromethane (3x10.Oml) gave 
only a negligible amount of material. 
Acidification of the aqueous phase with concentrated hydrochloric acid precipitated 
a deep red solid which was collected to give a deep bordeaux red solid (0.10g), mp 
170-185°C (decomp), vmax  2129 (N2) and 1735 (C=O) cm 1 , which could not be 
identified. 
Anti Ethyl 3-(2-Aminophenyl)-5-methyl-2-isoxazoline-4-carboxylate (71) 	 - 
A solution of the nitrophenylisoxazoline derivative (70) (0.56g; 0.002mol) in ethanol 
(20.Oml) was hydrogenated over 10% palladium-on-charcoal (0.056g) at room 
temperature and atmospheric pressure for 0.5h. 
The mixture was filtered through celite and the filtrate rotary evaporated to give a 
sticky yellow solid (0.54g) which was extracted with diethyl ether leaving an 
insoluble gum. Rotary evaporation of the ethereal extract afforded anti ethyl 3-(2-
aminophenyl)-5-methyl-2-isoxazoline-4-carboxylate (71) (0.44g; 88%) which formed 
colourless crystals, mp 104-105°C (from isopropanol), vmax  3427 and 3328 (NH2), 
1718 (C=O) and 1626 (C=N) cm1, 8H  (CDCI3) 7.23-7.10 (2H, m, ArH), 6.74-6.62 
(2H, m, ArH), 5.65 (2H, s, NH2), 4.94 (IH, dq, J 4.9 and 6.4, isoxazolineH-5), 4.25-
4.11 (2H, m, CH2), 4.13 (1H, d, J 4.9, isoxazolineH-4), 1.42 (3H, d, J 6.4, CH3) and 
1.19(3H, t, J 7.1, CH3). 
Anti Ethyl 3-(2-Acetylaminophenyl)-5-methyl-2-isoxazoline-4-carboxylate (72) 
A mixture of the aminophenylisoxazoline derivative (71) (0.14g; 0.0005mol) and 
acetic anhydride (0.11 ml) was heated at 100°C (steam bath) with the exclusion of 
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atmospheric moisture for 10min and the resulting solution was left to cool to room 
temperature for 20mm. 
The mixture was rotary evaporated under high vacuum (oil pump) and the residue 
was treated with diethyl ether and the mixture filtered to remove some unidentified 
solid. Rotary evaporation of the ethereal filtrate afforded anti ethyl 3-(2-
acetylaminophenyl)-5-methyl-2-isoxazoline-4-carboxylate (72) (0.1 5g; 100%) as a 
pale yellow oil, bp 170-190°C/0.005mmHg, vmax  3280 br (NH2) and 1737 and 1698 
(CO) cm1, 6H  (CDCI3) 10.54 (11-1, s, NH) (exch), 8.67-8.62 (IH, m, ArH), 7.39- 
7.27 (21-1, m, ArH), 7.07-6.99 (11-1, m, ArH), 5.01-4.94 (IH, m, isoxazolineH), 4.18- 
4.05 (31-1, m, isoxazolineH and CH2), 2.16 (3H, s, CH3), 1.41 (3H, d, J 6.4, CH3) 
and 1.34 (31-1, t, J 7.1, CH3). 
3-(2-Nitrophenyl)-4-oxo-4, 5.6. 7-tetrahydrobenzldlisoxazole (74) 
A solution of a 16:1 mixture, of 3-(2-nitrophenyl)-3a,4, 5,6,7, 7a-hexahydro-4-oxo-
benz[d]isoxazole and 3-(2-nitrophenyl)-4-oxo-4, 5,6, 7-tetrahydrobenz[d]isoxazole 
(73) and (74) (0.46g; 0.002mol) in anhydrous I ,4-dioxane (20.Oml) was stirred and 
treated with activated manganese(IV) oxide (1 .Og) and the resulting dark suspension 
was stirred at room temperature with the exclusion of atmospheric moisture for I h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a yellow semisolid. This was washed with diethyl ether to afford 3-(2-nitrophenyl)-4- 
oxo-4,5,6, 7-tetrahydrobenz[d]isoxazole (74) (0.31 g; 60%) which formed colourless 
crystals, mp 129-130°C (from isopropanol) (lit. 124 125127°C), vmax 1682 (C0) 
and 1528 and 1345 (NO2) cm1, 5H  (CDCI3) 8.19-8.16 (IH, m, ArH), 7.71-7.53 (31-1, 
m, ArH), 3.05-3.00 (21-1, m, CH2), 2.45-2.40 00 (21-1, m, CH2), and 2.24-2.14 (2H, m, 
CH2), 8C (CDCI3) 192.0 (quat), 180.8 (quat), 157.5 (quat), 148.1 (quat), 133.3 (CH), 
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131.9 (CH), 131.0 (CH), 124.7 (CH), 123.0 (quat), 114.0 (quat), 37.3 (CH), 22.8 
(CH2) and 21.8 (CH2). 
Catalytic Hydrogenation Reactions of a Mixture of 3-(2-Nitrophenyl)-3a,4,5,6.7,7a-
hexahydro-4-oxobenzFdlisoxazole and 3-(2-Nitrophenyl)-4-oxo-4, 5,6. 7-tetrahydro-
benzldlisoxazole (73) and (74 
(a) A solution of 3-(2-nitrophenyl)-3a,4, 5,6,7, 7a-hexahydro-4-oxobenz[d]isoxazole 
and 3-(2-nitrophenyl)-4-oxo-4, 5,6, 7-tetrahydrobenz[d]isoxazole (73) and (74) (1 .Og; 
0.004mol) in ethanol (40.Oml) was hydrogenated over 10% palladium-on-charcoal 
(0.1Og) at room temperature and atmospheric pressure for 2h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a yellow orange foam (1 .Og) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (3:2) afforded 3-(2-hydroxyaminophenyl)-
3a,4, 5,6,7, 7a-hexahydro-4-oxobenz[d]isoxazole (75) (0. 26g; 27%) [based on the 
starting material being the isoxazoline derivative (73)] which formed beige 
microcrystals, mp 144-145°C (from isopropanol), vmax  3600-2900 (NH and OH) and 
1606 (C=N) cm1, 8H  [(CD3)2S=0] 9.28 (IH, s, NH or OH) (exch), 7.66-7.61 (IH, 
m, ArH), 7.40-7.31 (1H, m, ArH), 7.21-7.16 (IH, m, ArH), 6.89-6.81 (IH, m, ArH), 
6.21 (11-1, s, NH or OH) (exch), 4.89-4.82 (11-1, m, isoxazolineH-5), 3.48 (IH, m, 
isoxazolineH-4), 2.08-1.88 (21-1, m, CH2) and 1.40-0.97 (4H, m, CH2). 
Elution with ethyl acetate-methanol (7:3) afforded the known 123' 124 9-amino-1-oxo-
1,2,3,4-tetrahydroacridine 10-N-oxide (76) (0.19g; 21%) [based on the starting 
material being the isoxazole derivative (74)] which formed yellow microcrystals, mp 
260-261°C (from water), vmax  3264 and 3116 (NH2), 1636 (C=O) and 1616 (C=N) 
cm-1, 6H  [(CD3)2S=0] 10.3-9.6 (IH, bs, NH) (exch), 8.9-8.2 (1H, bs, NH) (exch), 
8.61-8.41 (2H, m, ArH), 7.95-7.86 (1H, m, ArH), 7.73-7.63 (IH, m, ArH), 3.24-3.18 
(2H, m, CH2), 2.65-2.52 (2H, m, CH2) and 2.08-1.96 (2H, m, CH2). 
(b) A solution of 3-(2-nitrophenyl)-3a,4, 5,6,7, 7a-hexahydro-4-oxobenz[d]isoxazole 
and 3-(2-nitrophenyl)-4-oxo-4, 5,6,7-tetrahydrobenz[d]isoxazole (73) and (74) (2 .6g; 
0.01 mol) in ethanol (150) was hydrogenated over Raney nickel (0.26g) at room 
temperature and atmospheric pressure for 5.5h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a brown semisolid (2.5g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) afforded 3-(2-hydroxyaminophenyl)-
3a,4, 5,6, 7,7a-hexahydro-4-oxobenz[d]isoxazole (75) (0. 86g; 35%) [based on the 
starting material being the isoxazoline derivative (73)] as a pale yellow solid, mp 
143-145°C (decomp with gas evolution), identical (mp and ir spectrum) with a 
sample prepared before. 
Elution with ethyl acetate-methanol (1:1) afforded 9-amino-1-oxo-1,2,3,4-
tetrahydroacridine 10-N-oxide (76) (0.64g; 28%) [based on the starting material 
being the isoxazole derivative (74)] as a yellow orange solid, mp 255-257°C, 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
The AttemDted Oxidation of 3-(2-Hydroxyaminophenyl)-3a.4.5,6,7,7a-hexahydro-4-
oxobenzFdlisoxazole (75 
A solution of 3-(2-hydroxyaminophenyl)-3a,4, 5,6, 7,7a-hexahydro-4-oxobenz[d]-
isoxazole (75) (0.25g; 0.001 mol) in anhydrous acetonitrile (30.Oml) was treated with 
activated manganese(lV) oxide (0.5g) and the resulting dark suspension was stirred 
at room temperature with the exclusion of atmospheric moisture for 0.5h. 
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The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a complex brown glass (0.25g) from which no identifiable material could be 
obtained. 
The Reaction of 2-Nitrobenzonitrile N-oxide (42) with para-Benzociuinone 
A suspension of N-chlorosuccinimide (2.0g; 0.015mol) in anhydrous chloroform 
(10.Oml) was stirred under nitrogen and treated at room temperature with pyridine 
(O.lOml) followed by a suspension of 2-nitrobenzaldoxime (47) (1.7g; O.Olmol) in 
anhydrous chloroform (7.5ml) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. The resulting solution was cooled to 0-5°C (ice 
bath) and treated with a suspension of para-benzoquinone (3.2g; 0.03mol) in 
anhydrous chloroform (lOmI) and the resulting orange brown solution was then 
treated dropwise under nitrogen at 0-5°C (ice bath) over lh with a solution of 
triethylamine (1 .Og; 0.01 mol) in anhydrous chloroform (2.5m1). The mixture was then 
stirred under nitrogen in the melting ice bath for 3h and then heated at 50°C for a 
further 0.5h. 
The mixture was cooled to room temperature, washed with water (2x15.Oml) and the 
chloroform layer was rotary evaporated to give an orange brown oil (3.2g) which 
was flash-chromatographed over silica, but gave no identifiable material. 
The reaction mixture, obtained as described in (a) but using 1.5 molar 
equivalents of para-benzoquinone, was washed with water (2x15.Oml) and the 
chloroform layer was rotary evaporated to give an orange brown gum (3.2g) which 
was triturated with ethyl acetate to afford 3,7-di-(2-nitrophenyl)-4,8-dihydro-4,8-
dioxoisoxazolo[5,4-f]benzisoxazole or 3, 5-di-(2-nitrophenyl)-4,8-dihydro-4, 8-dioxo-
isoxazolo[4,5-f]benzisoxazole (85) or (86) (0.21 g; 10%) which formed beige 
microcrystals, 	mp 305-308°C (decomp with gas evolution) (from 
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dimethylformamide), vmax 1697 (C=O) and 1528 and 1332 (NO2) cm1, 6H 
[(CD3)2S=O] 8.45-8.40 (2H, m, ArH), 8.02-7.95 (4H, m, ArH) and 7.85-7.81 (2H, m, 
ArH). 
3-(2-NitroDhenvl)-4. 9-dihvdro-4. 9-dioxonaDhthF2 . 3-dlisoxazole (87 
(a) A suspension of N-chlorosuccinimide (3.0g; 0.023mol) in anhydrous chloroform 
(7.5m1) was stirred under nitrogen and treated at room temperature with pyridine 
(0.10ml) followed by a suspension of 2-nitrobenzaldoxime (47) (2.5g; 0.015mol) in 
anhydrous chloroform (6.Oml) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for i 5mm. The resulting solution was cooled to room 
temperature and treated with a suspension of 1 4-naphthoquinone (3.0g; 0.01 9mol) 
in anhydrous chloroform (2.Oml) and the resulting solution was stirred under nitrogen 
and heated at 50°C, then treated dropwise over 0.5h with a solution of triethylamine 
0.5g; 0.01 5mol) in anhydrous chloroform (2.Oml). The mixture was then stirred and 
heated under nitrogen at 50°C for a further 0.5h. 
The reaction mixture was treated with water (15.Oml) to give a three phase mixture 
which was filtered and the solid combined with a second crop, obtained by rotary 
evaporating the chloroform phase and flash-chromatography of the brown semisolid 
obtained over silica, eluting with hexane-ethyl acetate (4:1), to give 3-(2-
nitrophenyl)-4,9-dihydro-4, 9-dioxonaphth[2, 3-d]isoxazole (87) (total 2. 8g; 58%) 
which formed yellow crystals, mp 250-252°C (from I ,4-dioxane), vmax 1686 (C0) 
and 1535 and 1348 (NO2) cm1, 8H  [(CD3)2S=O] 8.43-8.40 (1 H, m, ArH), 8.22-8.18 
(1H, m, ArH), 8.06-7.92 (5H, m, ArH) and 7.83-7.80 (1H, m, ArH), 6C  [(CD3)2S=0) 
179.0 (quat), 173.0 (quat), 165.6 (quat), 158.6 (quat), 147.9 (quat), 135.3 (CH), 
135.0 (CH), 134.8 (CH), 132.8 (CH), 132.7 (CH), 132.5 (quat), 127.1 (CH), 126.8 
(CH), 125.5 (CH), 121.3 (quat) and 119.3 (quat). 
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(b) A suspension of N-chlorosuccinimide (40.0g; 0.3mol) in anhydrous chloroform 
(200m1) was stirred under nitrogen and treated at room temperature with pyridine 
(2.Oml) followed by a suspension of 2-nitrobenzaldoxime (47) (33.2g; 0.2mol) in 
anhydrous chloroform (150m1) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. The resulting solution was cooled to 0-5°C (ice 
bath) and treated with a suspension of I ,4-naphthoquinone (47.4g; 0.3mol) in 
anhydrous chloroform (50.Oml) and the mixture was then treated dropwise under 
nitrogen at 0-5°C (ice bath) over I h with a solution of triethylamine (1 .5g; 0.01 5mol) 
in anhydrous chloroform (50.Oml). The mixture was then stirred under nitrogen in the 
melting ice bath for 3h and then heated at 50°C for a further 0.5h. 
The resulting solution was treated with water (1 50m1) to give a three phase mixture 
which was filtered and the solid washed with boiling methanol (20.Oml) and 
combined with a second crop, obtained by rotary evaporating the chloroform phase 
and washing the semisolid obtained with boiling methanol (50.Oml), to afford 3-(2-
nitrophenyl)-4,9-dihydro-4, 9-dioxonaphth[2 , 3-d]isoxazole (87) as a pale brown solid 
(total 51 .6g; 79%), mp 247-249°C, identified by comparison [mp, ir spectrum and tic 
in toluene-ethyl acetate (96:4) over silica] with a sample prepared in (a) before. 
The Reductive Cyclisation of 3-(2-Nitrophenyl)-4. 9-dihydro-4. 9-dioxonaphth[2, 3-
dlisoxazole (87) Using Hydrogen over Palladium-on-charcoal 
A solution of the nitrophenylisoxazole derivative (87) (9.6g; 0.03mol) in anhydrous 
dimethylformamide (450m1) was hydrogenated over 10% pal lad iu m-on-charcoal 
(0.96g) at room temperature and atmospheric pressure for 2h. 
The resulting deep blue suspension was heated to reflux and hot-filtered through 
celite. The filter-pad was suspended in boiling dimethylformamide (2x500m1) and 
hot-filtered through celite. The combined filtrates, whose colour changed from blue 
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to yellow-orange in air, were rotary evaporated to give a brown solid which was 
crystallised from dimethyl sulfoxide to afford 12-amino-6,1 1-dihydro-6,1 1-
dioxobenz[b]acridine (88) (5.2g; 63%) as a golden-yellow solid which formed 
golden-yellow microcrystals, mp >360°C (from dimethylformamide), vmax 3302 and 
3134 br (NH and OH) and 1679 (C=O) cm1, 5H  [(CD3)2S=0] 10.29 (11-1, bs, NH), 
8.97 (11-1, bs, NH), 8.59-8.55 (11-1, m, ArH), 8.28-8.17 (2H, m, ArH), 8.09-8.04 (IH, 
m, ArH), 7.99-7.84 (3H, m, ArH) and 7.73-7.64 (IH, m, ArH), & (CF3COOH) 184.3 
(quat), 177.7 (quat), 159.9 (quat), 141.8 (quat), 137.8 (CH), 137.6 (CH), 136.9 
(quat), 135.6 (CH), 133.0 (quat), 130.4 (CH), 130.2 (quat), 128.1 (CH), 123.4 (CH), 
121.8 (CH), 118.5 (quat) and 105.2 (quat). 
The dimethyl sulfoxide mother liquor was diluted with water and the precipitated 
solid collected to afford 7-amino-5,6-dihydro-5,6-dioxobenz[c]acridine (89) (1 .2g; 
15%) which formed red microcrystals, mp >335°C (from 1 ,4-dioxane), vmax  3389, 
3262 and 3210 (NH and/or OH), 1684 w (C=O) and 1621 (C=N) cm1, SH 
[(CD3)2S=0] 10.38 (1H, bs, NH and/or OH), 9.13 (1H, bs, NH and/or OH), 8.81-8.76 
(11-1, m, ArH), 8.50-8.46 (11-1, m, ArH), 8.06-8.01 (IH, m, ArH), 7.95-7.79 (3H, m, 
ArH) and 7.72-7.53 (2H, m, ArH), 6  (CF3COOH) 178.9, 178.2, 159.6, 151.0, 137.6, 
137.4, 137.2, 135.6, 131.5, 131.0, 130.1, 127.2, 125.0, 123.5 and 103.8. 
The Attempted Reaction of 1 2-Amino-6. 11 -dihydro-6. 11 -dioxobenz[b]acridine (88) 
with Acetic Anhydride 
A suspension of 12-amino-6,1 1-dihydro-6,1 1-dioxobenz[b]acridine (88) (0.54g; 
0.002mol) in acetic anhydride (5.Oml) was stirred and heated under reflux with the 
exclusion of atmospheric moisture for 3h. 
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The insoluble solid was collected by hot-filtration to give the unreacted starting 
material (88) as a green solid (0.37g; 69%), mp >360°C, identified by comparison 
(mp and ir spectrum) with a sample prepared before. 
8,1 3b-Dihydro-9-hydroxy-2-methyl-1 , 3-oxazinoF6, 5,4-oplbenzlblacridine (92) 
A stirred suspension of 12-amino-6,11-dihydro-6,1 1-dioxobenz[b]acridine (88) 
(0.27g; 0.001mol) in pyridine (10.Oml) was treated with acetic anhydride (0.50ml) 
followed by zinc powder (0.50g). The mixture was the stirred and heated under 
reflux with the exclusion of atmospheric moisture for 0.5h. 
The insoluble zinc residue was removed by hot-filtration and the filtrate was rotary 
evaporated and the brown solid residue was washed with diethyl ether to afford 
8,1 3b-dihydro-9-hydroxy-2-methyl- 1, 3-oxazino[6,5,4-op]benz[b]acridine (92) (0.1 9g; 
63%), which formed orange microcrystals, mp 280-283°C (from dimethylformamide), 
vmax 3270 br (NH and/or OH) and 1620 (C=N) cm1, 8H  [(CD3)2S=0] 15.09 (NH or 
OH or CH), 12.63 (NH or OH or CH), 9.57 (NH or OH or CH), 8.73-8.30 (2H, m, 
ArH), 7.92-7.74 (2H, m, ArH), 7.64-7.55 (2H, m, ArH), 7.43-7.23 (2H, m, ArH) and 
2.65 (3H, s, CH3). 
The Attempted Reduction of 12-Amino-6,1 1-dihydro-6.11-dioxobenzFb]acridine (88) 
with Tin(ll) Chloride in Aqueous Hydrochloric Acid 53 
A suspension of 12-amino-6,11-dihydro-6,1 1-dioxobenz[b]acridine (88) (0.54g; 
0.002mol) in 2M aqueous hydrochloric acid (15.Oml) was stirred and briefly heated 
under reflux then cooled to room temperature and treated with a solution of tin(ll) 
chloride (2.0g; 0.009mol) in 2M aqueous hydrochloric acid (5.Oml). The resulting 
violet suspension was stirred and heated under reflux for lh. 
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The violet suspension was hot filtered and the brown solid was treated with 2M 
aqueous sodium hydroxide (10.Oml) and the resulting suspension stirred at room 
temperature for 0.5h. The insoluble solid was collected to give only the unreacted 
starting material (88) as an orange solid (0.46g; 85%), mp >360°C, identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
The Attempted Reaction of 7-Amino-5.6-dihydro-5, 6-dioxobenzlclacridine (89) with 
Acetic Anhydride 
A suspension of the 7-amino-5,6-dihydro-5,6-dioxobenz[c]acridine (89) (0.27g; 
0.001mol) in acetic anhydride (2.5ml) was stirred and heated under reflux with the 
exclusion of atmospheric moisture for I h. 
The insoluble solid was collected by hot-filtration to give only the unreacted starting 
material (89) (0.24g; 89%) as a red solid, mp 357-359°C, identified by comparison 
(mp and ir spectrum) with a sample prepared before. 
The Attempted Reaction of 7-Amino-56-dihydro-5,6-dioxobenzFclacridine (89) with 
Acetic Anhydride in the Presence of Pyridine 
A solution of the 7-amino-5,6-dihydro-5,6-dioxobenz[c]acridine (89) (0. 27g; 
0.00Imol) in pyridine (10.Oml) was treated with acetic anhydride (0.20g; 0.002mol) 
and the resulting red solution was stirred and heated under reflux with the exclusion 
of atmospheric moisture for 1 h. 
The resulting deep yellow brown solution was rotary evaporated and the solid 
residue was washed with diethyl ether to give only the impure starting material (89) 
(0.27g; 100%) as a bordeaux red solid, mp 300-325°C, identified by comparison [ir 
spectrum and tic in dichloromethane-methanol (24:1) over silica] with a sample 
prepared previously. 
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The Attempted Reaction of 7-Amino-5.6-dihydro-5,6-dioxobenzFclacridine (89) with 
I .2-Diaminobenzene 
A solution of the 7-am ino-5,6-dihydro-5,6-dioxobenz[c]acridine (89) (0. 55g; 
0.002mol) in triethyleneglycol dimethyl ether (20.Oml) was treated with solid 1,2-
diaminobenzene (0.22g; 0.002mol) and the resulting red solution was stirred and 
heated at 100°C with the exclusion of atmospheric moisture for 3h. 
The resulting red brown suspension was hot-filtered to give a red solid which was 
combined with a second crop, obtained by rotary evaporation of the organic mother 
liquor, treatment of the residue with water (10.Oml) and collection of the insoluble 
solid, to give only the unreacted starting material (89) (0.49g; 89%) as a red solid, 
mp 351 -355°C, identified by comparison [mp, ir spectrum and tic in 
dichloromethane-methanol (24:1) over silica] with a sample prepared previously. 
The Attempted Reaction of 7-Amino-5.6-dihydro-5, 6-dioxobenzFclacridine (89) with 
Aaueous Potassium Hydroxide 
A solution of the 7-amino-5,6-dihydro-5,6-dioxobenz[c]acridine (89) (0. 55g; 
0.002mol) in triethyleneglycol dimethyl ether (50.Oml) was treated with 20% w/v 
aqueous potassium hydroxide solution (10.Oml) and the mixture was stirred and 
heated under reflux for 3h. 
The resulting deep yellow brown solution was rotary evaporated and the residue 
treated with water (10.Oml). The insoluble bordeaux red solid was collected, heated 
under reflux with methanol (5.Oml) and hot-filtered to give the unreacted starting 
material (89) as a bordeaoux red solid (0.23g; 42%), mp 351-355°C, identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
Work up of the methanol mother liquor gave no other identifiable products. 
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The Attempted Reaction of 7-Amino-5, 6-dihydro-5.6-dioxobenzFclacridine (89) with 
Sodium Nitrite in Acetic Acid in the Presence of Concentrated SulDhuric Acid 
A stirred suspension of the 7-amino-5,6-dihydro-5,6-dioxobenz[c]acridine (89) (1.1g; 
0.004mol) in glacial acetic acid (20.Oml) was cooled (ice bath) and treated dropwise 
with concentrated sulphuric acid (3.2m1) at such a rate that the reaction temperature 
was below 30°C. The resulting deep red solution was cooled to 10-15°C (ice bath) 
and treated dropwise, while stirring, with a solution of sodium nitrite (0.30g; 
0.0044mol) in water (1.0ml) at such a rate that the reaction temperature was 
maintained between 10-15°C. The resulting deep red solution was then stirred in the 
melting ice bath for 2h. 
The deep red solution was diluted with water (10.Oml) and concentrated by rotary 
evaporation to one half of the original volume. The resulting suspension was filtered 
to give a yellow solid (0.94g), mp 273-278°C which was treated with 10% aqueous 
sodium hydrogen carbonate solution (10.Oml) and the red suspension filtered to give 
only the unreacted starting material (89) as a red solid (0.81g; 74%), mp 342-345°C, 
identified by comparison (mp and ii spectrum) with a sample prepared before. 
The Reductive Cyclisation of 3-(2-N itrophenyl)-4,9-dihydro-4, 9-dioxonaphth[2, 3- 
dlisoxazole (87) Using Hydrogen over Raney Nickel 
(a) A solution of the nitrophenylisoxazole derivative 	(87) 	(1.39; 	0.004mol) 	in 
anhydrous dimethylformamide (60.Oml) was hydrogenated over Raney nickel 
(0.13g) at room temperature and atmospheric pressure for 5h. 
The mixture was filtered through celite, the filtrate rotary evaporated and the solid 
residue washed with diethyl ether to afford 3-(2-hydoxyaminophenyl)-4,9-dihydro- 
4,9-dioxonaphth[2,3-d]isoxazole (97) as a brown solid (0.90g; 75%), mp 135-137°C 
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11 
(decomp with gas evolution), vmax 3500-3000, 3281 and 3272 (NH, OH), 1701 and 
1687 (C=O) and 1674 (C=N) cm -1 , 
Found: m/z (Elms), 306 (M) 
CvHWN2requires: M, 306 
which on crystallisation from acetic acid was converted into 5-oxo-5H- 
isoxazolo[5,4, 3-gh]benz[c]acridine 12-N-oxide (98) which formed orange 
microcrystals, mp 277-279°C (from acetic acid), vmax  1666 (C=O) and 1645 (C=N) 
cm1, 8H  (COd3) 9.84-9.73 (1H, m, ArH), 8.84-8.79 (1H, m, ArH), 8.63-8.59 (IH, m, 
ArH), 8.52-8.47 (IH, m, ArH) and 8.01-7.75 (4H, m, ArH). 
(b) A solution of the nitrophenylisoxazole derivative (87) (6.4g; 0.02mol) in 
anhydrous dimethylformamide (300m1) was hydrogenated over Raney nickel (0.64g) 
at room temperature and atmospheric pressure for 15h. 
The mixture was filtered through celite, the filtrate rotary evaporated and the solid 
residue treated with ethyl acetate (lOOmI). The insoluble solid was collected and 
combined with a second crop, obtained by rotary evaporation of the ethyl acetate 
mother liquor and flash-chromatography of the residue in dichloromethane-hexane 
(4:1) over silica followed by treatment of the brown solid thus obtained with boiling 
acetic acid, to afford 5-oxo-5H-isoxazolo[5,4,3-gh]benz[c]acridine 12-N-oxide (98) as 
a yellow solid (1 .3g; 23%), mp 270-273°C, identified by comparison [mp, ir spectrum 
and tIc in dichloromethane-hexane (3:1) over silica] with a sample prepared before. 
Elution with dichloromethane-hexane (1:1) gave impure unreacted starting material 
(87) (0.23g; 4%) as a yellow solid, mp 232-236°C, identified by comparison [ir 
spectrum and tic in dichloromethane-hexane (4:1) over silica] with a sample 
prepared before. 
170 
Elution with dichioromethane-ethyl acetate (4:1) afforded 7-amino-5,6-dihydro-5,6-
dioxobenz[c]acridine (89) as a red solid (0.54g; 9%), mp >335°C, identified by 
comparison [mp, ir spectrum and tic in dichioromethane-methanol (24:1) over silica] 
with a sample prepared before. 
7-Amino-5,6-dihydro-5,6-dioxobenzFclacridine (89) 
A solution of 5-oxo-5H-isoxazolo[5,4, 3-gh]benz[c]acridine 12-N-oxide (98) (0. 58g; 
0.002moI) in dimethylformamide (80.Oml) was hydrogenated over 10% palladium-
on-charcoal at room temperature and atmospheric pressure for I h. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
solid residue washed with diethyl ether to afford 7-amino-5,6-dihydro-5,6-
dioxobenz[c]acridine (89) as a red solid (0.51g; 93%), mp 352-355°C, identified by 
comparison [mp, ir spectrum and tic in dichloromethane-methanol (95:5) over silica] 
with a sample prepared before. 
The Attempted Reaction of 5-Oxo-5H-isoxazolol5,4, 3-gh]benzFclacridine 12-N-oxide 
98) with Sodium Dithionite in Dimethvlformamide 
A solution of 5-oxo-5H-isoxazolo[5,4,3-gh]benz[c]acridine 12-N-oxide (98) (0.58g; 
0.002mol) in 70% v/v aqueous dimethylformamide (20.Oml) was stirred at 100°C and 
treated with solid sodium dithionite dihydrate (0.58g) and the mixture was stirred and 
heated at 100°C for lh. A second portion of sodium dithionite dihydrate (0.58g) was 
then added and the mixture was stirred and heated at 100°C for a further lh. 
The mixture was hot-filtered to remove inorganic material and the 
dimethylformamide filtrate was rotary evaporated to give only the unreacted starting 
material (98) as a mustard coloured solid, mp 273-275°C, identified by comparison 
(mp and ir spectrum) with a sample prepared before. 
17.1 
The Generation and Cycloaddition Reactions of 2-Nitrobenzonitrile N-oxide (42) with 
Alkynes 
(I) Dimethvl 3-(2-Nitroohenvl)isoxazole-4. 5-dicarboxvlate (100 
A suspension of N-chlorosuccinimide (6.8g; 0.05mol) in anhydrous chloroform 
(25.Oml) was stirred under nitrogen and treated at room temperature with pyridine 
(0.31 ml) followed by a suspension of 2-nitrobenzaldoxime (47) (8.3g; 0.05mol) in 
anhydrous chloroform (20.Oml) and the resulting suspension was stirred at room 
temperature under nitrogen for 3.5h. The resulting solution was treated with a 
solution of dimethyl acetylenedicarboxylate (8.9g; 0.063mo1) in anhydrous 
chloroform (6.25m1) and the resulting solution was stirred under nitrogen and heated 
at 50°C, then treated dropwise over 0.5h with a solution of triethylamine (5.0g; 
0.05mol) in anhydrous chloroform (6.25ml). The mixture was then stirred and heated 
under nitrogen at 50°C for a further 0.5h. 
The reaction mixture was cooled to room temperature, washed with water 
(2x40.Oml) and the chloroform phase rotary evaporated to give a brown semisolid 
(19.3g) which was flash-chromatographed over silica. 
Elution 	with 	hexane-dichloromethane 	(1:1) 	afforded 	dimethyl 	3-(2- 
nitrophenyl)isoxazole-4,5-dicarboxylate (100) (1 0.5g; 68%) which formed pale 
yellow crystals, mp 108-109°C (from methanol), vmax  1744 (C=O) and 1531 and 
1349 (NO2) cm1, 5H  (CDCI3) 8.27-8.23 (IH, m, ArH), 7.79-7.66 (21-1, m, ArH), 7.57-
7.53 (IH, m, ArH), 4.03 (31-1, s, CH3) and 3.69 (31-1, s, CH3). 
A suspension of N-chlorosuccinimide (20.0g; 0.15mol) in anhydrous chloroform 
(50.Oml) was stirred under nitrogen and treated at room temperature with pyridine 
(0.62m1) followed by a suspension of 2-nitrobenzaldoxime (47) (16.6g; 0.1mol) in 
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anhydrous chloroform (40.Oml) and the resulting suspension was stirred at room 
temperature under nitrogen for 1.5h. The resulting solution was treated with a 
solution of dimethyl acetylenedicarboxylate (17.8g; 0.125mo1) in anhydrous 
chloroform (12.5m1) and the resulting solution was stirred under nitrogen and heated 
at 50°C, then treated dropwise over 0.5h with a solution of triethylamine (10.0g; 
0.1mol) in anhydrous chloroform (12.5ml). The mixture was then stirred and heated 
under nitrogen at 50°C for a further 0.5h. 
The mixture was cooled to room temperature, washed with water (2x80.Oml) and the 
chloroform phase rotary evaporated to give a red semisolid (38.4g). This was 
crystallised from methanol to give a pale yellow solid which was combined with a 
second crop, obtained by rotary evaporation of the methanolic mother liquor and 
flash-chromatography of the residue in hexane-dichloromethane (1:1) over silica, to 
afford dimethyl 3-(2-nitrophenyl)isoxazole-4,5-dicarboxylate (100) as a pale yellow 
solid (total 21.8; 71%), mp 110-118°C, identified by comparison [mp, ir spectrum 
and tIc in hexane-dichloromethane (1:1) over silica] with a sample prepared before. 
(c) A suspension of N-chlorosuccinimide (30.0g; 0.23mol) in anhydrous chloroform 
(150m1) was stirred under nitrogen and treated at room temperature with pyridine 
(1.5m1) followed by a suspension of 2-nitrobenzaldoxime (47) (24.9g; 0.15mol) in 
anhydrous chloroform (112.5m1) and the resulting suspension was stirred and 
heated at 40°C under nitrogen for 15mm. The resulting solution was cooled to 0-5°C 
(ice bath) and treated with a solution of dimethyl acetylenedicarboxylate (32.0g; 
0.23mol) in anhydrous chloroform (37.5ml) and the mixture was then treated 
dropwise under nitrogen at 0-5°C (ice bath) over lh with a solution of triethylamine 
(15.2g; 0.15mol) in anhydrous chloroform (37.5m1). The mixture was then stirred 
under nitrogen in the melting ice bath for 3h and then heated at 50°C for a further 
0.5h. 
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The mixture was cooled to room temperature, washed with water (2x225m1) and the 
chloroform phase rotary evaporated to give a red semisolid (38.4g). This was 
crystallised from methanol to give a pale yellow solid which was combined with a 
second crop, obtained by rotary evaporation of the methanolic mother liquor and 
flash-chromatography of the residue in hexane-dichloromethane (2:3) over silica, to 
afford dimethyl 3-(2-nitrophenyl)isoxazole-4,5-dicarboxylate (100) as a pale yellow 
solid (total 32.0; 70%), mp 107-109°C, identified by comparison [mp, ir spectrum 
and tIc in hexane-dichloromethane (1:1) over silica] with a sample prepared before. 
Elution with hexane-dichloromethane (4:1) afforded impure dimethyl 
acetylenedicarboxylate (4.6g; 14%), identified by comparison (ir spectrum) with an 
authentic sample. 
Elution with hexane-dichloromethane (4:1) afforded 2-nitrobenzonitrile (0.63g; 3%) 
as a colourless solid, mp 109-110°C, identified by comparison (mp and ir spectrum) 
with an authentic sample. 
(II) Ethyl 3-(2-N itrophenyl)isoxazole-5-carboxylate and Ethyl 342-Nitrophenyl)-
isoxazole-4-carboxylate (122) and (123) 
(a) A suspension of N-chlorosuccinimide (bOg; 0.075mo1) in anhydrous chloroform 
(25.Oml) was stirred under nitrogen and treated at room temperature with pyridine 
(0.31 ml) followed by a suspension of 2-nitrobenzaldoxime (47) (8.3g; 0.05mol) in 
anhydrous chloroform (25.Oml) and the resulting suspension was stirred at room 
temperature under nitrogen for 5h then heated at 50°C for 10mm. The resulting 
solution was treated with a solution of ethyl propiolate (6.1g; 0.063mol) in anhydrous 
chloroform (6.25m1) and the resulting solution was stirred under nitrogen and heated 
at 50°C, then treated dropwise over 0.5h with a solution of triethylamine (5.0g; 
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0.05mol) in anhydrous chloroform (6.25ml). The mixture was then stirred and heated 
under nitrogen at 50°C for a further 0.5h. 
The mixture was cooled to room temperature, washed with water (2x40.Oml) and the 
chloroform phase rotary evaporated to give an orange oil (14.6g) which was flash-
chromatographed over silica. 
Elution with hexane-dichloromethane (1:1) afforded an unresolvable 7:4 mixture of 
ethyl 3-(2-nitrophenyl)isoxazole-5-carboxylate and ethyl 3-(2-nitrophenyl)isoxazole-
4-carboxylate (122) and (123) as a yellow oil (9.9g; 76%), bp 180-220°C/0.75mmHg, 
vmax 1732 (C=O) and 1532 and 1352 (NO2) cm1, 5H  (CDCI3) 8.98 (IH, s, 
isoxazoleH) (123), 8.28-8.23 (1H, m, ArH) (123), 8.09-8.04 (1H, m, ArH) (122), 7.77- 
7.53 (6H, m, ArH) [(122) and (123)], 7.03 (IH, s, isoxazoleH) (122), 4.44 (21-1, q, J 
7.1, CH2) (122), 4.14 (21-1, q, J 7.1, CH2) (123), 1.41 (3H, t, J 7.1, CH3) (122) and 
1.15 (31-1, q, J 7.1, CH3) (123), 8C (CDCI3) 162.6 (isoxazoleCH) (123), 160.4 (quat) 
(122), 160.3 (quat) (123), 159.7 (quat) (123), 156.3 (quat) (122), 148.1 (quat) (123), 
148.0 (quat) (122), 133.4 (CH) (123), 133.2 (CH) (122), 132.2 (CH) (123), 131.7 
(CH) (122), 131.1 (CH) (122), 130.9 (CH) (123), 124.7 (CH) (123), 124.6 (CH) (122), 
123.4 (CH) (123), 123.2 (quat) (122), 113.5 (quat) (123), 109.5 (isoxazoleCH) (122), 
62.3 (CH2) (122), 61.1 (CH2) (123), 13.9 (CH3) (122) and 13.6 (CH3) (123). 
The oil solidified on standing and the solid was crystallised from ethanol to afford 
ethyl 3-(2-nitrophenyl)isoxazole-5-carboxylate (122) as cream microcrystals, mp 70- 
71°C, vmax 1735 (C=O) and 1530 and 1377 (NO2) cm1, 6H  (CDCI3) 8.10-8.05 
(11-1, m, ArH), 7.78-7.62 (31-1, m, ArH), 7.04 (IH, s, isoxazoleH), 4.45 (2H, q, J 7.1, 
CH2) and 1.42 (31-1, t, J 7.1, CH3), öc (CDCI3) 160.4 (quat), 156.3 (quat), 148.0 
(quat), 133.2 (CH), 131.6 (CH), 124.6 (CH), 123.1 (quat), 109.5 (isoxazoleCH), 62.3 
(CH2) and 13.9 (CH3). 
175 
(b) A suspension of N-chlorosuccinimide (20.0g; 0.15mol) in anhydrous chloroform 
(lOOmI) was stirred under nitrogen and treated at room temperature with pyridine 
(1.0ml) followed by a suspension of 2-nitrobenzaldoxime (47) (16.6g; 0.1mol) in 
anhydrous chloroform (75.Oml) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. The resulting solution was cooled to 0-5°C (ice 
bath) and treated with a solution of ethyl propiolate (14.7g; 0.15mol) in anhydrous 
chloroform (25.Oml) and the mixture was then treated dropwise under nitrogen at 0-
50C (ice bath) over lh with a solution of triethylamine (10.1g; 0.1mol) in anhydrous 
chloroform (25.Oml). The mixture was then stirred under nitrogen in the melting ice 
bath for 3h and then heated at 50°C for a further 0.5h. 
The mixture was cooled to room temperature, washed with water (2x150m1) and the 
chloroform phase rotary evaporated to give an orange oil (29.1g) which was flash-
chromatographed over silica. 
Elution with hexane-dichloromethane (2:3) afforded an unresolvable 2:1 isomeric 
mixture of ethyl 3-(2-nitrophenyl)isoxazole-5-carboxylate and ethyl 3-(2- 
nitrophenyl)isoxazole-4-carboxylate (122) and (123) as a yellow oil (21.39; 82%), 
identified by comparison (ir and I  H n.m.r spectra) with a sample prepared before. 
Dimethyl 3-(2-Am inophenyl)isoxazole-45-dicarboxylate (101) 
(a) A solution of the nitrophenylisoxazole derivative (100) (1.2g; 0.004mol) in ethanol 
(40.Oml) was hydrogenated over 10% palladium-on-charcoal (0.129) at room 
temperature and atmospheric pressure for lh. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a yellow solid (1 .Og) which was flash-chromatographed over silica. 
Elution with dichloromethane-methanol (95:5) afforded dimethyl 3-(2-
aminophenyl)isoxazole-4,5-dicarboxylate (101) (0.43g; 39%) which formed yellow 
microcrystals, mp 196-197°C (decomp) (from methanol/isopropanol), vmax 3300 
3100 br (NH2) and 1745 and 1695 (C=O) cm1, 8H  (CDCI3) 8.61-8.49 (4H, m, ArH 
and NH2), 8.02-7.94 (IH, m, ArH), 7.84-7.76 (1H, m, ArH), 3.89 (3H, s, CH3) and 
3.86 (3H, 5, CH3). 
(b) A solution of the nitrophenylisoxazole derivative (100) (0.619; 0.002mol) in 
glacial acetic acid (20.Oml) was hydrogenated over 10% palladium-on-charcoal 
(0.06g) at room temperature and atmospheric pressure for lh. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
a yellow solid (0.48g) which was flash-chromatographed over silica. 
Elution with ethyl acetate-methanol (4:1) afforded dimethyl 3-(2-aminophenyl)-
isoxazole-4,5-dicarboxylate (101) as a yellow solid (0.16g; 29%), mp 183-186°C 
(decomp), identified by comparison (mp and ir spectrum) with a sample prepared 
before. 
4, 5-Dihydro-5-hydroxy-4-oxoisoxazoloF4. 3-ciciuinolin-3-carboxylic acid (102) 
(a) A solution of the nitrophenylisoxazole derivative (100) (6.1g; 0.02mol) in 
tetrahydrofuran was treated with a solution of tin(ll) chloride dihydrate (20.0g; 
0.09mol) in 2M aqueous hydrochloric acid (200m1) and the resulting solution was 
stirred at room temperature for I h. 
The mixture was concentrated by rotary evaporation to one half of its original 
volume and the precipitate collected to give a yellow solid (7.6g), mp 274-278°C 
(decomp). This was firstly suspended in 2M aqueous sodium hydroxide (30.Oml) and 
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then in 2M aqueous hydrochloric acid (30.Oml) to afford 4,5-dihydro-5-hydroxy-4- 
oxoisoxazolo[4,3-c]quinolin-3-carboxylic acid (102) (4.6g; 94%) which formed cream 
needles, mp 201-203°C (decomp) (from glacial acetic acid), vmax  3296 br and 
2900-2400 (OH), 1744 (C=O) and 1606 (C=N) cm1, 6H  [(CD3)2S=0] 12.6-11.4 
(1H, bs, OH) (exch), 8.20 (IH, d, J 8.0, ArH), 7.85-7.77 (21-1, m, ArH) and 7.49-7.43 
(1H, m, ArH), 6r [(CD3)2S=0] 161.6 (quat), 155.6 (quat), 153.7 (quat), 139.1 (quat), 
133.3 (CH), 124.6 (CH), 124.0 (CH), 114.9 (CH), 110.8 (quat) and 109.7 (quat). 
(b) A suspension of 10% palladium-on-charcoal (0.01Og) in water (2.Oml) was stirred 
under nitrogen and treated with a solution of sodium borohydride (0.14g; 0.004mol) 
in water (3.Oml) then treated dropwise over 5min with a solution of the 
nitrophenylisoxazole derivative (100) (0.61g; 0.002mol) in methanol (10.Oml). The 
mixture was then stirred under nitrogen at room temperature for a further 10mm. 
The mixture was filtered through celite, the filter pad was washed with hot water 
(3x5.Oml) and the combined filtrates were rotary evaporated (oil pump). The residue 
was treated with water (10.Oml) and the resulting solution neutralised by addition of 
2M aqueous hydrochloric acid followed by solid sodium acetate. Collection of the 
precipitate gave a brown solid (0.39g), mp>360°C, which was treated with 2M 
aqueous hydrochloric acid (2.5ml) and the resulting suspension was stirred at room 
temperature for 0.5h. Collection of the insoluble solid gave a bordeaux red solid 
(0.28g) which was flash-chromatographed over silica. 
Elution with dichloromethane-methanol-acetic acid (99:1 :1) afforded 4,5-dihydro-5-
hydroxy-4-oxoisoxazolo[4, 3-c]quinolin-3-carboxylic acid (102) as a beige solid 
(0.18g; 37%), mp 201°C (decomp), identified by comparison (mp and ir spectrum) 
with a sample prepared before. 
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(C) A stirred solution of the nitrophenylisoxazole derivative (100) (1.5g; 0.005mol) in 
1,4-dioxane (12.5ml) was treated with 2% w/v aqueous sodium hydroxide (5.Oml) 
followed by 10% palladium-on-charcoal (0.020g). The mixture was stirred at room 
temperature and purged with nitrogen for 15min then treated dropwise at room 
temperature under nitrogen with a solution of sodium borohydride (0.38g; 0.01 mol) 
in water (2.5m1). The mixture was then stirred at room temperature under nitrogen 
for a further 20mm. 
The mixture was filtered through celite, the filter pad was washed with hot water 
(8x5.Oml) and the combined filtrates were concentrated by rotary evaporation (oil 
pump) to its original volume and extracted with dichloromethane (3x20.Oml) to give 
only a negligible amount of material. 
Acidification of the aqueous phase to pH 2-3 with 2M aqueous sulfuric acid and 
collection of the precipitated solid gave a bordeaux red solid (1 .lg), mp >360°C, 
which was treated with 2M aqueous hydrochloric acid (5.Oml). Collection of the 
insoluble solid afforded impure 4,5-dihydro-5-hydroxy-4-oxoisoxazolo[4,3-c]quinolin-
3-carboxylic acid (102) as a bordeaux red solid (0.75g; 61%), mp 181-185°C 
(decomp), identified by comparison (ir spectrum) with a sample prepared before. 
(d) A solution of the nitrophenylisoxazole derivative (100) (1 .2g; 0.004mol) in glacial 
acetic acid (20.Oml) was hydrogenated over Raney nickel (0.12g) at room 
temperature and atmospheric pressure for 1 .5h. 
The mixture was filtered through celite, the filter pad was washed with hot 
dimethylformamide and the combined filtrates were rotary evaporated (oil pump) to 
give a brown solid (1.8g), mp >360°C, which was suspended first in 2M aqueous 
sodium hydroxide (5.Oml) and then in 2M aqueous hydrochloric acid (5.Oml) to afford 
4, 5-dihydro-5-hydroxy-4-oxoisoxazolo[4,3-c]quinolin-3-carboxylic acid (102) as a 
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beige solid (0.75g; 77%), mp 198-201°C (decomp), identified by comparison (mp 
and ir spectrum) with a sample prepared before. 
(e) A suspension of the isoxazoloquinolone ester (108) (0.269; 0.002mol) in 2M 
aqueous sodium hydroxide (5.Oml) was stirred and heated under reflux for 0.5h. 
The suspension was cooled to room temperature, acidified with concentrated 
hydrochloric acid and stirred at room temperature for 15mm. Collection of the 
insoluble solid afforded 4, 5-dihydro-5-hydroxy-4-oxoisoxazolo[4, 3-c]quinolin-3-
carboxylic acid (102) as a beige solid (0.24g; 98%), mp 202-205°C (decomp), 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
5-Acetoxy-4. 5-dihydro-4-oxoisoxazoloF4, 3-c]guinolin-3-carboxylic acid (104) 
A mixture of the N-hydroxy derivative (102) (0.98g; 0.004mol) in acetic anhydride 
(1 .9m1) was heated at 100°C (steam bath with the exclusion of atmospheric moisture 
for 10min and then left to cool to room temperature for 20mm. 
The mixture was diluted with diethyl ether and filtered to afford 5-acetoxy-4,5- 
dihydro-4-oxoisoxazolo[4,3-c]quinolin-3-carboxylic acid (104) (1 .lg; 96%) which 
formed cream microcrystals, mp 194-196°C (decomp) (from glacial acetic acid), 
vmax 2900-2400 (OH), 1815 and 1767 (C=O) and 1605 (C=N) cm 1 , 6H 
[(CD3)2S0] 8.25-8.21 (11-1, m, ArH), 7.79-7.72 (11-1, m, ArH), 7.56-7.42 (21-1, m, 
ArH) and 2.54 (3H, 5, CH3). 
The Reaction of 4, 5-Dihydro-5-hydroxy-4-oxoisoxazolol4. 3-clpuinolin-3-carboxylic 
acid (102) with Acetic Anhydride under Reflux 
A solution of the isoxazoloquinolone derivative (102) (0.49g; 0.002mol) in acetic 
anhydride (5.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 3h. 
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The deep brown solution was rotary evaporated (oil pump) and the residue washed 
with diethyl ether to give a complex deep brown solid (0.34g), mp 187-204°C 
(decomp), from which no identifiable material could be obtained. 
Rotary evaporation of the ethereal mother liquor gave a brown semisolid (0.16g) 
whose tIc in ethyl acetate-hexane (2:1) over silica showed it to be a four component 
mixture which was not further investigated. 
The Attempted Reduction of 4, 5-Dihydro-5-hydroxy-4-oxoisoxazoloF4, 3-c]puinolin-3-
carboxvlic acid (102) with Sodium Dithionite 
A stirred suspension of the N-hydroxy derivative (102) (0.49g; 0.002mol) in 
ethanol/water (7:3) (20.Oml) was treated with sodium dithionite (0.49g) and the 
resulting suspension was stirred and heated under reflux for I h. A second portion of 
sodium dithionite (0.49g) was then added and the mixture stirred and heated under 
reflux for a further I h. 
The suspension was rotary evaporated and the residue washed with water (10.Oml) 
to give a cream solid (0.52g), mp >360°C, which was treated with 2M aqueous 
hydrochloric acid (5.Oml). The resulting suspension was stirred at room temperature 
for 45min and the solid collected to give only the ünreacted starting material (102) 
as a pale yellow solid (0.49g; 100%), mp 206°C (decomp), identified by comparison 
(mp and ir spectrum) to a sample prepared before. 
The Attempted Catalytic Hydrogenation of 5-Acetoxy-4, 5-dihydro-4-oxoisoxazolo-
F4,3-clguinolin-3-carboxylic acid (104) 
A solution of the acetoxyisoxazoloquinolone derivative (104) (0.58g; 0.002mol) in 
anhydrous dimethylformamide (20.Oml) was hydrogenated over 10% palladium-on-
charcoal (0.058g) at room temperature and atmospheric pressure for I .5h. 
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The mixture was filtered through celite, the filtrate rotary evaporated and the residue 
triturated with diethyl ether to give an intractable complex beige solid (0.54g) from 
which no identifiable material could be obtained. 
The Attempted Thermolysis Reactions of 4. 5-Dihydro-5-hydroxy-4-oxoisoxazoloF4, 3-
clauinolin-3-carboxvlic acid (102 
The hydroxyisoxazoloquinolone derivative (102) (0.25g; 0.001mol) was placed in 
a cold finger and heated under high vacuum (0.019mmHg). At 192°C a sudden 
decomposition with gas evolution occurred. The mixture was heated at 190-195°C 
for a further 5min and then left to cool to room temperature. 
The mixture was treated with methanol and filtered to give a brown solid (0.06g), mp 
330-360°C (only partly melted) which could not be identified. 
Rotary evaporation of the methanolic mother liquor gave a brown solid (0.17g), mp 
100-115 0C, which could not be identified. 
A solution of the hydroxyisoxazoloquinolone derivative (102) (0.25g; 0.001 mol) in 
triethylene glycol (1 .Oml) was heated at 200°C for 30mm. 
The deep orange brown solution was cooled to 0-5°C (ice bath) and diluted with 
water (5.Oml) and the mixture filtered to give only a small amount of a complex 
brown solid (0.04g), mp 90-105°C, which was not further investigated. 
The aqueous filtrate was rotary evaporated (oil pump) and the triethylene glycol 
removed by Kugelrohr distillation. The residue was treated with dichloromethane 
and the mixture filtered to give only a small amount of a complex brown solid 
(0.025g), mp 115-125°C, which was not further investigated. 
Rotary evaporation of the dichloromethane filtrate gave a complex brown gum 
(0.13g) from which no identifiable material could be obtained. 
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Methyl 3-Am ino-2-formyI-3-(2-nitroØhenyl)Øroionate (103 
A stirred solution of the nitrophenylisoxazole derivative (100) (1.2g; 0.004mol) in 1,4-
dioxane (10.Oml) was treated dropwise over 15min with a solution of sodium 
borohydride (0.66g; 0.018mol) in water (5.Oml) and the mixture was stirred at room 
temperature for 3h. 
The mixture was rotary evaporated, the residue was treated with water (10.Oml) and 
extracted with dichloromethane (3x10.Oml) to give a yellow semisolid (0.33g) which 
was washed with diethyl ether to afford methyl 3-amino-2-formyl-3-(2-nitrophenyl)-
propionate (103) (0.09g; 9%) which formed cream microcrystals, mp 137-139°C 
(from isopropanol). 
Methyl 4, 5-Dihydro-5-hydroxy-4-oxoisoxazolo4 3-c]ciuinoline-3-carboxylate (108) 
A solution of the nitrophenylisoxazole derivative (100) (7.7g; 0.025mol) in anhydrous 
dimethylformamide (250m1) was hydrogenated over Raney nickel (0.77g) at room 
temperature and atmospheric pressure for 14h 
The mixture was filtered through celite and rotary evaporated (oil pump) to afford 
methyl 4, 5-dihydro-5-hydroxy-4-oxoisoxazolo[4, 3-c]quinoline-3-carboxylate (108) 
(6.4g; 98%) which formed yellow needles, mp 226-229°C (decomp with gas 
evolution) (from 1,4-dioxane), vmax 3300-2500 (OH), 1754 and 1668 (C=O) and 
1645 (C=N) cm1, 5H  [(CD3)2S=0] 11.35 (11-1, s, OH), 8.21-8.16 (IH, m, ArH), 7.80-
7.68 (21-1, m, ArH), 7.41-7.35 (1H, m, ArH) and 4.01 (31-1, s, CH3). 
Methyl 5-Acetoxy-4, 5-dihydro-4-oxoisoxazoloF4. 3-clpuinoline-3-carboxylate (109) 
(a) A mixture of the hydroxyisoxazoloquinolone derivaitve (108) (0.26g; 0.001mol) 
and acetic anhydride (0.45m1) was heated at 100°C (steam bath) for 10min and the 
resulting solution was left to cool to room temperature for 20mm. 
The resulting suspension was diluted with diethyl ether and the insoluble solid 
collected to afford methyl 5-acetoxy-4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinoline-3- 
carboxylate (109) (0.27g; 90%) which formed colourless crystals, mp 200-201°C 
(from ethyl acetate), vmax  1807, 1734 and 1704 (C=O) and 1613 (C=N) cm 1 , SH 
(CDCI3) 8.31-8.26 (1H, m, ArH), 7.67-7.58 (IH, m, ArH), 7.40-7.32 (IH, m, ArH), 
7.25-7.20 (IH, m, ArH), 4.09 (31-1, 5, CH3) and 2.48 (31-1, s, CH3). 
(b) A stirred suspension of the hydroxyisoxazoloquinolone denvaitve (108) (0.52g; 
0.002mol) and glacial acetic acid (6.Oml) was treated with acetyl chloride (10.Oml) 
and the resulting solution was then stirred and heated under reflux with the 
exclusion of atmospheric moisture for 3h. 
The solution was rotary evaporated and the residue washed with diethyl ether to 
afford methyl 5-acetoxy-4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinoline-3-carboxylate 
(109) as a cream solid (0.50g; 83%), mp 204-206°C (decomp with gas evolution), 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
The Catalytic Hydrogenation of Methyl 5-Acetoxy-4. 5-dihydro-4-oxoisoxazolo[4, 3-
clguinoline-3-carboxylate (109) 
A solution of the acetoxyisoxazoloquinolone derivative (108) (1.2g; 0.004mol) in 
anhydrous dimethylformamide (20.Oml) was hydrogenated over 10% palladium-on-
charcoal (0.12g) at room temperature and atmospheric pressure for 2h. 
The mixture was filtered through celite and rotary evaporated (oil pump) to give a 
yellow solid (1.1g) which was treated with dichioromethane (15.Oml). The insoluble 
solid was collected to afford methyl 2-(4-amino-1 ,2-dihydro-2-oxoquinolin-3-yl)-2-
oxoethanoate (111) (0.70g; 71%) which formed yellow microcrystals, mp >340°C 
(from dimethylformamide/water), vmax  3402, 3270 and 3215 (NH2), 3200-2700 
(NH), and 1723 (C=O) cm1, 5H  [(CD3)2S=0] 11.07 (IH, s, NH) (exch), 10.05 (11-1, 
s, NH2) (exch), 9.11 (IH, s, NH2) (exch), 8.27-8.23 (IH, m, ArH), 7.65-7.58 (IH, m, 
ArH), 7.33-7.16 (2H, m, ArH) and 3.73 (31-1, s, CH3), which on crystallisation from 
acetic acid-water was converted to 2,3,4, 5-terahydro-2, 3,4-trioxo-1 H-pyrrolo[3, 2- 
c]quinoline (112) which formed orange needles, mp >340°C, 6H  [(CD3)2S=0] 12.05 
(IH, bs, NH) (exch), 11.72 (1H, bs, NH) (exch), 8.03-7.99 (11-1, m, ArH), 7.81-7.74 
(IH, m, ArH) and 7.36-7.27 (21-1, m, ArH). 
Rotary evaporation of the dichloromethane mother liquor afforded methyl 2-(1-
acetoxy-4-amino-1 ,2-dihydro-2-oxoquinolin-3-yl)-2-oxoethanoate (110) (0. 30g; 25%) 
which formed yellow microcrystals, mp 184-186°C (from isopropanol), vmax  3400, 
3270 and 3213 (NH2) and 1814 and 1723 (C=O) cm 1 , oH  (CDCI3) 10.30 (IH, bs, 
NH2), 7.76-7.61 (21-1, m, ArH), 7.33-7.25 (1H, m, ArH), 7.17-7.12 (IH, m, ArH), 6.62 
(IH, bs, NH2), 3.92 (3H, s, CH3) and 2.44 (3H, s, CH3). 
Methyl 244-Amino- 1 .2-dihydro-1 -hydroxy-2-oxoguinolin-3-yl)-2-oxoethanoate (113) 
A solution of the hydroxyisoxazoloquinolone derivative (108) (7.8g; 0.03mol) in 
anhydrous dimethylformamide (150ml) was hydrogenated over 10% palladium-on-
charcoal (0.78g) at room temperature and atmospheric pressure for lh. 
The mixture was filtered through celite, the filtrate was rotary evaporated (oil pump) 
and the residue washed with diethyl ether to afford methyl 2-(4-amino-1 ,2-dihydro-1 - 
hydroxy-2-oxoquinolin-3-yl)-2-oxoethanoate (113) (7.9g; 100%) which formed yellow 
microcrystals, mp 322°C (decomp) (from acetic acid), vmax  3412, 3305, 3280, 3167 
and 2675 br (NH and OH) and 1728 and 1657 (C=O) cm1, 0H  [(CD3)2S=0] 11.04 
(1H, s, NH or OH) (exch), 10.02 (IH, s, NH or OH) (exch), 9.12 (IH, s, NH or OH) 
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(exch), 8.35-8.30 (IH, m, ArH), 7.80-7.72 (IH, m, ArH), 7.63-7.59 (1H, m, ArH), 
7.34-7.25 (IH, m, ArH) and 3.77 (3H, s, CH3). 
Methyl 2-( I ,2-Dihydro- 1 .4-dihydroxy-2-oxoguinolin-3-yl)-2-oxoethanoate (115) 
A stirred suspension of methyl 2-(4-amino-1,2-dihydro-1-hydroxy-2-oxoquinolin-3-
yl)-2-oxoethanoate (113) (1.1g; 0.004mol) in glacial acetic acid (20.Oml) was cooled 
in an ice bath and treated dropwise with concentrated aqueous sulphuric acid 
(3.2ml) at such a rate that the temperature of the mixture was below 30°C. The 
resulting solution was cooled to 0°C (ice-salt bath) and treated with a solution of 
sodium nitrite (0.30g; 0.0044mo1) in water (1 .Oml) added at such a rate that the 
reaction temperature was between 0-5°C. The resulting red suspension was then 
stirred in the melting ice bath for 2h 
The resulting orange red solution was diluted with water (10.Oml) and concentrated 
by rotary evaporation to one third of the original volume. The precipitated yellow 
solid was collected and washed with ethyl acetate to leave an intractable brown 
solid (0.12g), mp >360°C, from which no identifiable material could be obtained. 
Rotary evaporation of the ethyl acetate mother liquor afforded methyl 2-(1 ,2-dihydro- 
I ,4-dihydroxy-2-oxoquinolin-3-yl)-2-oxoethanoate (115) (0.61 g; 58%) which formed 
yellow microcrystals, mp 179-180°C (decomp with gas evolution) (from ethyl 
acetate), vmax 3300-2900 (OH), 1750 (C0) and 1623 (C=N) cm 1 , oH 
[(CD3)2S=0] 12.10-11.10 (IH, bs, OH) (exch), 8.12-8.08 (IH, m, ArH), 7.91-7.83 
(1H, m, ArH), 7.70-7.66 (1H, m, ArH), 7.40-7.33 (IH, m, ArH) and 3.86 (3H, S, CH3). 
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The Attempted Reduction of Methyl 2-(4-Amino-1 ,2-dihydro-1 -hydroxy-2-
oxociuinolin-3-yl)-2-oxoethanoate (113) with Sodium Dithionite 
A suspension of the N-hydroxy compound (113) (0.52g; 0.002mol) in 
dimethylformamide (14.Oml) and water (6.Oml) was stirred and heated under reflux 
and the resulting solution was treated with sodium dithionite (0.52g) and the mixture 
stirred and heated under reflux for I h. A second portion of sodium dithionite (0.52g) 
was then added and the mixture stirred and heated under reflux for a further lh. 
The resulting solution was rotary evaporated and the solid residue treated with ice-
water (5.Oml). The insoluble yellow solid (0.45g), mp >360°C, was treated with warm 
water (5.Oml) and the resulting warm solution was acidified with 2M aqueous 
hydrochloric acid. The precipitated solid was collected and crystallised from 
dimethylformamide-water to give 2-(4-amino-1 , 2-dihydro-1 -hydroxy-2-oxoquinolin-3-
yl)-2-oxoethanoic acid (114) as yellow microcrystals, mp >360°C, vmax  3439, 3391, 
3259 and 3100-2400 (NH2, OH), 1733 (C=O) and 1628 (C=N) cm 1 , oH 
[(CD3)2S=0] 13.50-12.50 (IH, bs, NH2 or OH) (exch), 11.00 (IH, s, NH2 or OH) 
(exch), 10.06 (IH, s, NH2 or OH) (exch), 8.98 (IH, s, NH2 or OH) (exch), 8.33-8.29 
(IH, m, ArH), 7.78-7.71 (1H, m, ArH), 7.62-7.58 (IH, m, ArH) and 7.32-7.22 (IH, m, 
ArH). 
2-(4-Amino-1 .2-dihydro-1 -hydroxy-2-oxoguinolin-3-yl)-2-oxoethanoic acid (114) 
A stirred suspension of methyl 2-(4-am mo-I , 2-dihydro-1 -hydroxy-2-oxoquinolin-3-
yl)-2-oxoethanoate (113) (0.26g; 0.001 mol) in 2M aqueous sodium hydroxide 
solution (2.5m1) was heated to 70°C over 5 mm. The resulting solution was then 
stirred and left to cool to room temperature for 15mm. 
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The mixture was filtered to give a yellow solid (0.29g), mp >360°C, which was 
treated with 2M aqueous hydrochloric acid (2.5ml) and the resulting suspension 
stirred at room temperature for 15 min and the insoluble solid collected to afford 2-
(4-amino-1 , 2-dihydro-1 -hydroxy-2-oxoquinolin-3-yl)-2-oxoethanoic acid (114) as a 
yellow solid (0.19g; 77%), mp >360°C, identified by comparison (mp and ir 
spectrum) with a sample prepared before. 
5-Hydroxy-23,4.5-tetrahydro-2,3,4-trioxo-1 H-pyrrolo[3.2-clguinoline (116) 
A solution of methyl 2-(4-amino- I ,2-dihydro-i -hydroxy-2-oxoquinolin-3-yl)-2-
oxoethanoate (113) (0.52g; 0.002mol) in triethylene glycol dimethylether (15.Oml) 
was stirred and heated under reflux for 0.5h. 
The precipitated solid was collected by hot-filtration and washed with diethyl ether to 
afford 5-hydroxy-2,3,4,5-tetrahydro-2,3,4-trioxo-1 H-pyrrolo[3,2-c]qumnoline (116) 
(0.22g; 48%) which formed orange crystals of a hydrate, mp 337-340°C (decomp 
with gas evolution) (from dimethylformamide-water), vmax  3271 and 3147 br (NH 
and OH), 1763 and 1726 (C=O) and 1647 (C=N) cm1, 8H  [(CD3)2S=01 12.08 (1H, 
s, NH or OH) (exch), 11.39 (1H, s, NH or OH) (exch), 8.12-8.07 (1H, m, ArH), 7.95-
7.86 (1H, m, ArH), 7.74-7.70 (IH, m, ArH) and 7.42-7.34 (1H, m, ArH). 
5-Acetoxy-2,3,4,5-tetrahydro-2.3,4-trioxo-1 H-QyrroloF3.2-c]guinoline (117) 
A mixture of methyl 2-(4-amino- I ,2-dihydro-1 -hydroxy-2-oxoquinolin-3-yl)-2-
oxoethanoate (113) (0.52g; 0.002mol) in acetic anhydride (15.Oml) was heated at 
100°C (steam bath) with the exclusion of atmospheric moisture for 10 min and the 
resulting solution was then left to cool to room temperature with the exclusion of 
atmospheric moisture for 20mm. 
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The resulting suspension was diluted with anhydrous diethyl ether and the insoluble 
solid was collected to afford 5-acetoxy-2, 3,4, 5-tetrahydro-2, 3,4-trioxo-1 H-
pyrrolo[3,2-c]quinoline (117) (0.44g; 81%) which formed yellow crystals, mp 285°C 
(decomp with gas evolution) (from dimethylformamide-toluene), vmax 3434 and 
3200-3000 br (NH, OH), 1794, 1776 and 1737 (C=O) and 1656 (C=N) cm 1 , SH 
[(CD3)2S=0] 12.29 (IH, bs, NH) (exch), 8.21-8.17 (IH, m, ArH), 7.97-7.88 (IH, m, 
ArH), 7.61-7.57 (IH, m, ArH), 7.52-7.44 (IH, m, ArH) and 2.52 (3H, s, CH3). 
The Attemøted Hydrogenation of 5-Acetoxy-2,3,45-tetrahydro-2,3,4-trioxo-1 H-
pyrroloF32-clguinoline (117) over Palladium-on-Charcoal 
A solution of the N-acetoxy pyrroloquinolinone compound (117) (0.699; 0.002mol) in 
dimethylformamide (20.Oml) was hydrogenated over 10% palladium-on-charcoal at 
room temperature and atmospheric pressure for 2h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
only the impure starting material (117) as a yellow solid (0.69g; 100%), mp 280°C 
(decomp), identified by comparison [mp, ir spectrum and tIc in ethyl acetate-hexane 
(4:1) over silica] with a sample prepared before. 
Methyl 	4. 5-Dihydro-4-oxo-5-(toluene-4-sulfonyloxy) isoxazoloF4, 3-clguinoline-3- 
carboxylate (118) 
(a) A stirred suspension of the hydroxyisoxazoloquinolone derivative (108) (0.52g; 
0.002mol) in analar pyridine (5.Oml) was treated with tosyl chloride (0.42g; 
0.0022mol) and the resulting solution was then stirred at room temperature with the 
exclusion of atmospheric moisture for I h. 
189 
The precipitated solid was collected and washed with diethyl ether to afford methyl 
4,5-dihydro-4-oxo-5-(toluene-4-sulfonyloxy)isoxazolo[4, 3-c]quinoline-3-carboxylate 
(118) (0.59g; 71%) which formed colourless microcrystals, mp 148-150°C (partly 
resolidified; 173°C remelted) (from 1,4-dioxane), vmax  1740 and 1718 (C=O) and 
1615 (C=N) cm 1 , oH (CDCI3) 8.28-8.24 (IH, m, ArH), 8.08-8.04 (21-1, m, ArH), 7.71-
7.65 (21-1, m, ArH), 7.45-7.34 (31-1, m, ArH), 4.07 (3H, s, CH3) and 2.50 (31-1, s, CH3). 
(b) A stirred suspension of the hydroxyisoxazoloquinolone derivative (108) (0.52g; 
0.002mol) in anhydrous I ,4-dioxane (35.Oml) was treated with a solution of 
triethylamine (0.20g; 0.002mol) in anhydrous 1,4-dioxane (2.5m1) followed by a 
solution of tosyl chloride (0.42g; 0.0022mol) in anhydrous 1 ,4-dioxane (2.5ml). The 
mixture was then stirred at room temperature with the exclusion of atmospheric 
moisture for 0.5h. 
The precipitated triethylamine hydrochloride was removed by filtration, the filtrate 
was rotary evaporated and the solid residue washed with water (5.Oml) to afford 
methyl 4, 5-dihydro-4-oxo-5-(toluene-4-sulfonyloxy)isoxazolo[4, 3-c]quinoline-3-
carboxylate (118) as a cream solid (0.83g; 100%), mp 148-150°C (partly resolidified; 
173°C remelted), identical (mp, ir and 1 H nmr spectra) with a sample prepared in (a) 
before. 
Methyl 	4, 5-Dihydro-4-oxo-6-(toluene-4-sulfonyloxy)isoxazoloF4, 3-clguinoline-3- 
carboxylate (120) 
A solution of methyl 4, 5-dihydro-4-oxo-5-(toluene-4-sulfonyloxy)isoxazolo[4, 3-c]-
quinoline-3-carboxylate (118) (0.41g; 0.001mol) in toluene (10.Oml) was stirred and 
heated under reflux with the exclusion of atmospheric moisture for 1 h. 
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The solution was rotary evaporated and the solid residue was washed with diethyl 
ether to afford methyl 4,5-dihydro-4-oxo-6-(toluene-4-sulfonyloxy)isoxazolo[4,3-c]-
quinoline-3-carboxylate (118) (120) (0.38g; 93%) which formed yellow microcrystals, 
mp 175-176°C (from ethyl acetate), vmax  3331 (NH) and 1753 and 1692 (C=O) 
cm1, 6H  [(CD3)2S=O] 11.01 (1H, bs, NH) (exch), 8.04 (IH, dd, J 7.8 and 1.4, ArH), 
7.82 (2H, d, J 8.2, ArH), 7.44 (IH, dd, J 8.1 and 1.4, ArH), 7.42 (2H, d, J 8.2, ArH), 
7.32-7.24 (IH, m, ArH), 3.99 (3H, s, CH3) and 2.36 (3H, 5, CH3). 
Methyl 4. 5-Dihydro-8-hydroxy-4-oxoisoxazolol4. 3-c]ciuinoline-3-carboxvlate (119 
A stirred solution of the hydroxyisoxazoloquinolone derivative (108) (0.52g; 
0.002mol) in anhydrous dimethylformamide (10.Oml) was treated with tosyl chloride 
(0.84g; 0.0044mo1) and the resulting solution was then stirred and heated at 100°C 
with the exclusion of atmospheric moisture for 2h. 
The solution was rotary evaporated (oil pump) and the residue treated with water to 
give a yellow suspension. The insoluble solid was collected and washed with 
dichloromethane to afford methyl 4, 5-dihydro-8-hydroxy-4-oxoisoxazolo[4, 3-c]-
quinoline-3-carboxylate (119) (0.26g; 50%) which formed yellow microcrystals, mp 
282-283°C (decomp) (from 1,4-dioxane), vmax  3374 and 3174 (NH and OH), 1745 
and 1689 (C=O) and 1623 (C=N) cm1, 8H  [(CD3)2S=0] 11.35 (IH, s, NH or OH) 
(exch), 9.78 (1H, s, NH or OH) (exch), 7.40 (1H, d, J 2.6, ArH), 7.21 (IH, d, J 8.8, 
ArH), 7.07 (1H, dd, J 2.6 and 8.8, ArH) and 3.98 (3H, s, CH3). 
The Attempted Hydrolysis of Methyl 4, 5-Dihydro-4-oxo-6-(toluene-4-sulfonyloxy)-
isoxazolo[4,3-clQuinoline-3-carboxylate (120) with Aqueous Sodium Hydroxide 
A suspension of the isoxazoloquinolinone derivative (120) (0.21g; 0.0005mol) in 2M 
aqueous sodium hydroxide (2.5ml) was stirred under reflux for 0.5h. 
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The yellow brown suspension was acidified with 2M aqueous hydrochloric acid and 
the resulting yellow green suspension stirred at room temperature for 15mm. 
Filtration of the mixture gave an intractable green solid (0.14g), mp 225-265°C, from 
which no identifiable material could be obtained. 
Ethyl 3-(2-Aminophenyl)isoxazole-5-carboxylate (124) 
A solution of a 7:4 isomeric mixture of ethyl 3-(2-nitrophenyl)isoxazole-5-
carboxylate and ethyl 3-(2-nitrophenyl)isoxazole-4-carboxylate (122) and (123) 
(1 .3g; 0.005mol) in tetrahydrofuran (50.Oml) was treated with a solution of tin(ll) 
chloride dihydrate (5.0g; 0.0225mo1) in 2M aqueous hydrochloric acid (50.Oml) and 
the mixture was stirred at room temperature for I h. 
The cloudy solution was cleared by filtration and the filtrate was concentrated by 
rotary evaporation to one half of its original volume and the resulting suspension 
was basified with 30% w/v aqueous sodium hydroxide and extracted with 
dichioromethane (3x75.Oml) to afford ethyl 3-(2-aminophenyl)isoxazole-5-
carboxylate (124) (0.68g; 91%) which formed yellow needles, mp 120-121°C (from 
isopropanol), vmax 3402, 3289, 3185 and 3126 (NH2), 1726 (C=O) and 1621 (C=N) 
cm1, 8H  (CDCI3) 7.47-7.43 (IH, m, ArH), 7.30 (IH, s, isoxazoleH), 7.26-7.19 (IH, 
m, ArH), 6.80-6.73 (2H, m, ArH), 5.44 (21-1, s, NH2) (exch), 4.45 (2H, q, J 7.1, CH2) 
and 1.43 (31-1, t, J 7.1, CH3). 
Acidification of the aqueous mother liquor with concentrated hydrochloric acid and 
collection of the precipitated solid gave an intractable beige solid (0.75g), mp 
>360°C, from which no identifiable material could be obtained. 
A solution of a 7:4 isomeric mixture of ethyl 3-(2-riitrophenyl)isoxazole-5-
carboxylate and ethyl 3-(2-nitrophenyl)isoxazole-4-carboxylate (122) and (123) 
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(1.0g; 0.004mol) in ethanol (40.Oml) was hydrogenated over 10% palladium-on-
charcoal (0.1Og) at room temperature and atmospheric pressure for 2h. 
The mixture was filtered through celite and rotary evaporated (oil pump) to give a 
yellow semisolid (0.93g) which was flash-chromatographed over silica. 
Elution with dichloromethane-hexane (3:2) afforded afford ethyl 3-(2-
aminophenyl)isoxazole-5-carboxylate (124) as a yellow solid (0.28g; 46%), mp 112-
1160C, identified by comparison (mp, ir spectrum and tic in dichloromethane over 
silica) with a sample prepared before. 
4. 5-Dihydro-5-hydroxy-4-oxoisoxazolo[4. 3-ciguinoline (125) 
A solution of a 7:4 isomeric mixture of ethyl 3-(2-nitrophenyl)isoxazole-5-carboxylate 
and ethyl 3-(2-nitrophenyl)isoxazole-4-carboxyiate (122) and (123) (1.3g; 0.005mol) 
in 1,4-dioxane (12.5m1) was treated with 2% w/v aqueous sodium hydroxide (5.Oml) 
followed by 10% palladium-on-charcoal (0.020g). The mixture was stirred at room 
temperature and purged with nitrogen for 15min then treated dropwise at room 
temperature under nitrogen with a solution of sodium borohydride (0.38g; 0.011moi) 
in water (2.5m1). The mixture was then stirred at room temperature under nitrogen 
for a further 20mm. 
The mixture was filtered through celite, the filter pad was washed with hot water 
(3x5.Oml) and the combined filtrates were concentrated by rotary evaporation to its 
original volume and extracted with dichloromethane (3x10.Oml) which gave no 
material. 
The aqueous phase was acidified with 2M aqueous hydrochloric acid and the 
precipitated solid was collected and washed with methanol to afford 4,5-dihydro-5- 
hydroxy-4-oxoisoxazoio[4,3-c]qumnolmne (125) (0.28g; 44%) which formed cream 
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microcrystals, mp 254-256°C (decomp) (from ethanol), vmax 34002900 (OH), 1681 
(C=O) and 1613 (C=N) cm-1, SH  [(CD3)2S=0] 11.25 (1H, 5, OH), 10.11 (IH, s, 
isoxazoleH), 8.12 (IH, d, J 7.4, ArH), 7.74-7.68 (2H, m, ArH) and 7.41-7.33 (IH, m, 
ArH). 
5-Acetoxy-4. 5-dihydro-4-oxoisoxazoloF4. 3-ciciuinoline (126) 
A mixture of the hydroxyisixazoloquinolone derivative (125) (1.0; 0.005mol) and 
acetic anhydride (1.5m1) was heated at 100°C (steam bath) with the exclusion of 
atmospheric moisture for 10min and the resulting solution was left to cool to room 
temperature for 20mm. 
The mixture was rotary evaporated (oil pump) and the residue treated with diethyl 
ether to afford 5-acetoxy4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinoline (126) (0. 96g; 
80%) which formed beige microcrystals, mp 166-168°C (from isopropanol), vmax 
1799 and 1708 (C0) and 1612 (C=N) cm1, 5H  (CDCI3) 9.34 (1H, s, isoxazoleH), 
8.27-8.22 (1H, m, ArH), 7.65-7.56 (1H, m, ArH), 7.38-7.30 (IH, m, ArH), 7.25-7.19 
(1H, m, ArH) and 2.49 (3H, s, CH3). 
The Catalytic Hydrogenation of 5-Acetoxy-4. 5-dihydro-4-oxoisoxazoloF4,3-cl-
guinoline (126) 
A solution of the acetoxyisoxazoloquinolorie derivative (126) (0.86g; 0.0035mo1) in 
ethanol (140ml) was hydrogenated over 10% palladium-on-charcoal (0.09g) at room 
temperature atmospheric pressure for 4h. 
The mixture was filtered through celite and rotary evaporated to afford 4-amino-I- 
acetoxy-1 ,2-dihydro-3-formyl-2-oxoquinoline (128) as a cream solid, mp 218-224°C 
(decomp with gas evolution), ), vmax 3441, 3306 and 3162 (NH2), 1792 and 1635 
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(C0) and 1611 (C=N) cm 1 , SH  [(CD3)2S=0] 10.24 (IH, 5, NH2) (exch), 10.09 
(IH, s, CHO), 9.04 (IH, s, NH2) (exch), 8.39-8.35 (1H, m, ArH), 7.77-7.69 (IH, m, 
ArH), 7.43-7.31 (2H, m, ArH) and 2.46 (3H, s, CH3), which on crystallisation from 
ethanol was converted to 4-amino-I ,2-dihydro-3-formyl-I -hydroxy-2-oxoquinoline 
(127) which formed cream microcrystals, mp 301-304°C (decomp with gas 
evolution), vmax 3422, 3276 and 3216 (NH and OH), 1652 and 1635 (C=O) and 
1608 (C=N) cm1, 8H  [(CD3)2S=0] 10.89 (IH, bs, NH or OH) (exch), 10.17 (1H, s, 
CHO), 10.06 (1H, s, NH or OH) (exch), 8.73 (IH, bs, NH or OH) (exch), 8.29-8.25 
(1H, m, ArH), 7.77-7.68 (1H, m, ArH), 7.62-7.58 (1H, m, ArH) and 7.30-7.22 (1H, m, 
ArH). 
4-Amino-I ,2-dihydro-3-formyl-1 -hydroxy-2-oxociuinoline (127) 
A solution of the hydroxyisoxazoloquinolone derivative (125) (0.40g; 0.002mol) in 
anhydrous dimethylformamid (20.Omi) was hydrogenated over 10% palladium-on-
charcoal (0.04g) at room temperature and atmospheric pressure for 6h. 
The mixture which precipitated some solid was gently warmed and filtered through 
celite. The filtrate was rotary evaporated and the residue treated with diethyl ether to 
afford 4-amino-1,2-dihydro-3-formyl-1-hydroxy-2-oxoquinoline (127) as a brown 
solid (0.35g; 86%), mp 290-295°C (decomp with gas evolution), identified by 
comparison [mp, ir spectrum and tic in dichloromethane-methanol (94:6) over silica] 
with a sample prepared before. 
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The Catalytic Hydrogenation of an Isomeric Mixture of Ethyl 3-(2-
Nitrophenyl)isoxazole-5-carboxylate and Ethyl 3-(2-Nitrophenyl)isoxazole-4-
carboxylate (122) and (123) over Raney Nickel 
A solution of a 2:1 isomeric mixture of ethyl 3-(2-nitrophenyl)isoxazole-5-carboxylate 
and ethyl 3-(2-nitrophenyl)isoxazole-4-carboxylate (122) and (123) (10.4g; 0.04mol) 
in ethanol (400m1) was hydrogenated over Raney nickel (1.09) at room temperature 
and atmospheric pressure for 9h. 
The mixture was filtered through celite, the filtrate was rotary evaporated (oil pump) 
and the residue was washed with diethyl ether to afford 4,5-dihydro-5-hydroxy-4-
oxoisoxazolo[4,3-c]quinoline (125) as a cream solid (2.89; 100%), mp 245-258°C, 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
The ethereal mother liquor was rotary evaporated and the residue treated with light 
petroleum (bp 40-46°C) to afford ethyl 3-(2-hydroxyaminophenyl)isoxazole-5-
carboxylate (129) (5.0g; 76%) which formed pale yellow microcrystals, mp 124-
125°C (from isopropanol), vmax 3418 br, 3269 and 3139 (NH and OH) and 1724 
(C=O) cm1, 6H  (CDCI3) 8.91-8.90 (1H, m, NH or OH) (exch), 8.64 (IH, s, NH or 
OH) (exch), 7.90 (IH, s, isoxazoleH), 7.82-7.77 (IH, m, ArH), 7.47-7.33 (21-1, m, 
ArH), 6.96-6.88 (11-1, m, ArH), 4.41 (2H, q, J 7.1, CH2) and 1.35 (31-1, t, J 7.1, CH3). 
The Reaction of Ethyl 3-(2-Hydroxyaminophenyl)isoxazole-5-carboxylate (129) with 
Acetic Anhydride 
(a) A mixture of ethyl 3-(2-hydroxyaminophenyl)isoxazole-5-carboxylate (129) 
(0.50g; 0.002mol) in acetic anhydride (0.60m1) was heated at 100°C (steam bath) 
with the exclusion of atmospheric moisture for 10min and the resulting solution was 
left to cool to room temperature for 20mm. 
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The solution was rotary evaporated (oil pump) and the residue treated with diethyl 
ether to afford 2,2'-bis-(5-ethoxycarbonylisoxazol-3-yl)azoxybenzene (132) (0.1 7g; 
365) which formed light brown microcrystals, mp 176-177°C (from toluene), vmax 
3130 (ArH) and 1726 (C0) cm1, 6H  (CDCI3) 8.02-7.92 (2H, m, ArH), 7.81-7.55 
(51-1, m, ArH), 7.49-7.42 (IH, m, ArH), 7.15 (11-1, s, isoxazoleH), 7.08 (11-1, 5, 
isoxazoleH), 4.43 (21-1, q, J 7.1, CH2), 4.42 (21-1, q, J 7.1, CH2), 1.40 (31-1, t, J 7.1, 
CH3) and 1.39 (31-1, t, J 7.1, CH3). 
The ethereal mother liquor was rotary evaporated to give a brown oil (0.37g) which 
was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave a yellow sticky solid which was washed 
with diethyl ether to afford ethyl 3-(2-N-acetylaminophenyl)isoxazole-5-carboxylate 
(131) (0.067g; 12%) which formed cream crystals, mp 131-132°C (from 
isopropanol), vmax  3294 br (NH), 3133 (ArH) and 1720 and 1706 (C=O) cm 1 , 
(CDCI3) 10.19 (IH, bs, NH) (exch), 8.65-8.60 (IH, m, ArH), 7.59-7.42 (21-1, m, ArH), 
7.32 (IH, s, isoxazoleH), 7.21-7.13 (IH, m, ArH), 4.47 (21-1, q, J 7.1, CH2), 2.24 (31-1, 
5, CH3) and 1.44 (31-1, t, J 7.1, CH3). 
Elution with hexane-ethyl acetate (7:3) gave an orange brown semisolid which was 
washed with diethyl ether to afford ethyl 3-(2-N-acetoxy-N-acetylamino-
phenyl)isoxazole-5-carboxylate (130) (0.10g; 15%) which formed salmon pink 
microcrystals, mp 107-108°C (from isopropanol), vmax  3175 (ArH) and 1786, 1738 
and 1692 (C=O) cm1, 8H  (Cod3) 8.00-7.54 (41-1, m, ArH), 7.32 (1H, s, isoxazoleH), 
4.44 (21-1, q, J 7.1, CH2), 2.16 (3H, s, CH3), 1.90 (3H, bs, CH3) and 1.44 (31-1, t, J 
7.1, CH3). 
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(b) A solution of ethyl 3-(2-hydroxyaminophenyl)isoxazole-5-carboxylate (129) 
(0.99g; 0.004mol) in acetic anhydride (10.Oml) was stirred and heated under reflux 
with the exclusion of atmospheric moisture for 3h. 
The precipitated solid was collected by hot-filtration to afford 2,2'-bis-(5-ethoxy-
carbonylisoxazol-3-yl)azoxybenzene (132) as a beige solid (0.21g; 22%), mp 173-
1760C, identified by comparison [mp, ir spectrum and tic in hexane-ethyl acetate 
(7:3) over silica] with a sample prepared before. 
The organic mother liquor was rotary evaporated (oil pump) to give a brown gum 
(1 .Og) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave an orange semisolid which was washed 
with diethyl ether to afford ethyl 3-(2-N-acetylam inophenyl)isoxazole-5-carboxyiate 
(131) as a pale yellow solid (0.020g; 2%), mp 129-131°C, identified by comparison 
[mp, ir spectrum and tic in hexane-ethyl acetate (7:3) over silica] with a sample 
prepared before. 
Elution with hexane-ethyl acetate (7:3) gave an orange sticky solid which was 
washed with diethyl ether to afford ethyl 3-(2-N,N-diacetylaminophenyl)isoxazole-5- 
carboxylate (133) (0.15g; 12%) which formed colourless crystals, mp 109-110°C 
(from toluene), vmax 3144 (ArH) and 1728 and 1711 (C=O) cm1, 6H  (CDCI3) 7.73- 
7.68 (IH, m, ArH), 7.63-7.54 (21-1, m, ArH), 7.31-7.26 (IH, m, ArH), 7.09 (IH, s, 
isoxazoleH), 4.44 (21-1, q, J 7.1, CH2), 2.24 (6H, s, CH3) and 1.44 (31-1, t, J 7.1, 
CH3). 
Elution with hexane-ethyl acetate (3:2) gave a yellow oily solid which was washed 
with diethyl ether to afford ethyl 3-(2-N-acetoxy-N-acetylaminophenyl)isoxazole-5- 
carboxylate (130) as a salmon pink solid (0.28g; 22%), mp 106-108°C, identified by 
10 
comparison [mp, ir spectrum and tic in hexane-ethyi acetate (7:3) over silica] with a 
sample prepared before. 
The Oxidation of Ethyl 3-(2-Hydroxyaminophenyl)isoxazole-5-carboxyiate (129) with 
Manganese(IV) Oxide 
A stirred solution of ethyl 3-(2-hydroxyaminophenyl)isoxazole-5-carboxylate (129) 
(0.509; 0.002moi) in anhydrous acetonitrile (20.Oml) was treated with activated 
manganese(IV) oxide and the resulting dark suspension was stirred at room 
temperature with the exclusion of atmospheric moisture for 0.5h. 
The mixture was filtered through celite and rotary evaporated to give a beige sticky 
solid (0.49g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded ethyl 3-(2-nitrosophenyi)isoxazole- 
5-carboxylate (134) (0.32g; 65%) as a pale yellow solid, mp 122123°C, vmax  3294 
br (NH), 3126 (ArH) and 1733 (C=O) cm1, 5H  [(CD3)2S=O] 8.21-7.63 (20H, m, ArH 
and isoxazoieH) [(134) and (135) and (136)], 6.39 (21-1, s, isoxazoieH) [(135) and/or 
(136)], 6.35 (21-1, s, isoxazoleH) [(135) and/or (136)], 4.47-4.35 (IOH, m, CH2) [(134) 
and (135) and (136)] and 1.39 (15H, m, CH3) [(134) and (135) and (136)]. 
Eiution with hexane-ethyl acetate (1:1) afforded 2,2'-bis-(5-ethoxycarbonylisoxazol-
3-yl)azoxybenzene (132) as a yellow solid (0.082g; 17%), mp 170-173°C, identified 
by comparison (mp and ir spectrum) with a sample prepared before. 
2-Nitrobenzohydroxamoyl chloride (48) 
A suspension of N-chlorosuccinimide (10.0g; 0.075mo1) in anhydrous chloroform 
(50.Oml) was stirred under nitrogen and treated at room temperature with pyridine 
(0.50mi) followed by a suspension of 2-nitrobenzaldoxime (47) (8.3g; 0.05mol) in 
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anhydrous chloroform (37.5m1) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. 
The resulting solution was left to cool to room temperature, washed with water 
(2x50.5m1) and the chloroform phase was rotary evaporated to give a yellow orange 
oil (1 2.4g), which was treated with diethyl ether. Collection of the precipitate afforded 
impure N-chlorosuccinimide as a yellow solid (1.1g; 11%), mp 108-125°C, identified 
by comparison (ir spectrum) with an authentic sample. 
Rotary evaporation of the ethereal mother liquor gave a yellow oil (9.3g) which was 
triturated with toluene to afford 2-nitrobenzohydroxamoyl chloride (48) (4.5g; 45%) 
which formed pale yellow microcrystals, mp 99-100°C (decomp with gas evolution) 
(from toluene), vmax  3307 br (OH) and 1527 and 1343 (NO2) cm 1 , 5H (CDCI3) 
8.41 (IH, s, OH) (exch), 8.01-7.91 (IH, m, ArH) and 7.73-7.56 (3H, m, ArH). 
The Generation and Coniuqate Addition Reactions of 2-Nitrobenzonitrile N-oxide 
(42) with Active Methylene Compounds 
(a) A suspension of N-chlorosuccinimide (4.0g; 0.03mol) in anhydrous chloroform 
(20.Oml) was stirred under nitrogen and treated at room temperature with pyridine 
(0.20m1) followed by a suspension of 2-nitrobenzaldoxime (47) (3.3g; 0.02mol) in 
anhydrous chloroform (15.Oml) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. The resulting solution was cooled to 0-5°C (ice 
bath) and treated with a solution of the appropriate active methylene compound 
(0.02mol) in anhydrous chloroform (5.Oml) and the mixture was then treated 
dropwise under nitrogen at 0-5°C (ice bath) over I h with a solution of triethylamine 
(6.0g; 0.06mol) in anhydrous chloroform (5.Oml). The mixture was then stirred under 
nitrogen in the melting ice bath for 3h and then heated at 50°C for a further 0.5h 
then worked up as described for the individual reactions below. 
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A solution of 2-nitrobenzohydroxamoyl chloride (48) (0.50g; 0.003mol) in 
anhydrous chloroform (10.Oml) was added dropwise under nitrogen at 0-5°C (ice 
bath) over lh to a stirred solution of triethylamine (0.51g; 0.005mol) and the 
appropriate active methylene compound (0.005mol) in anhydrous chloroform 
(5.Oml). The mixture was then stirred under nitrogen in the melting ice bath for 3h 
and then heated at 50°C for a further 0.5h then worked up as described for the 
individual reactions below. 
A suspension of N-chlorosuccinimide (8.0g; 0.06mol) in anhydrous chloroform 
(40.Oml) was stirred under nitrogen and treated at room temperature with pyridine 
(0.40m1) followed by a suspension of 2-nitrobenzaldoxime (47) (6.6g; 0.04mol) in 
anhydrous chloroform (30.Oml) and the resulting suspension was stirred and heated 
at 40°C under nitrogen for 15mm. The resulting solution was added dropwise under 
nitrogen at 0-5°C (ice bath) over lh to a solution of triethylamine (16.2g; 0.16mol) 
and the appropriate active methylene compound (0.08mol) in anhydrous chloroform 
(20.Oml). The mixture was then stirred under nitrogen in the melting ice bath for 3h 
and then heated at 50°C for a further 0.5h then worked up as described for the 
individual reactions below. 
(I) 5-Acetyl-4-methyl-3-(2-nitrophenyl)isoxazole (137) 
(i) The solution from pentane-2,4-dione, obtained according to the general method 
(a), was cooled to room temperature, washed with water (2x30.Oml) and the 
chloroform layer was rotary evaporated to give an orange oil (5.3g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave a yellow oil (1 .8g). This was triturated 
with diethyl ether to afford 5-acetyl-4-methyl-3-(2-nitrophenyl)isoxazole (137) (1 .3g; 
22%) which formed pale yellow crystals, mp 102-103°C (from isopropanol), vmax 
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1677 (C=O) and 1532 and 1353 (NO2) cm1, 8H  (CDCI3) 8.26-8.21 (11-1, m, ArH), 
7.77-7.62 (2H, m, ArH), 7.51-7.45 (1H, m, ArH), 2.78 (3H, s, CH3) and 2.21 (3H, s, 
CH3). 
(ii) The solution from pentane-2,4-dione, obtained according to the general method 
(b), was cooled to room temperature, washed with water (2x10.Oml) and the 
chloroform layer was rotary evaporated to give an orange oil (0.82g). This was 
crystallised from isopropanol to give a pale yellow solid which was combined with a 
second crop, obtained by rotary evaporation of the isopropanol mother liquor and 
flash-chromatography of the residue in dichloromethane-hexane (2:1) over silica, to 
afford 5-acetyl-4-methyl-3-(2-nitrophenyl)isoxazole (137) as a pale yellow solid (total 
0.23g; 38%), mp 93-96°C, identified by comparison [mp, ir spectrum and tIc in 
hexane-ethyl acetate (7:3) over silica] with a sample prepared before. 
(II) Ethyl 2-F4-Ethoxycarbonyl-3-(2-nitrophenyl)isoxazol-5-yllethanoate (139) 
The solution from diethyl-1 ,3-acetone dicarboxylate, obtained according to the 
general method (a), was cooled to room temperature, washed with water (2x60.Oml) 
and the chloroform layer was rotary evaporated to give an orange oil which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave an oil solid which was washed with light 
petroleum 	(bp 	40-60°C) 	to afford ethyl 2-[4-ethoxycarbonyl-3-(2- 
nitrophenyl)isoxazol-5-yl]ethanoate (139) (87%) which 	formed 	colourless 
microcrystals, mp 57-58°C (from isopropanol), vmax 1745 and 1714 (C=O) and 
1527 and 1347 (NO2) cm 1 , oH  (CDCI3) 8.27-8.22 (1H, m, ArH), 7.77-7.55 (31-1, m, 
ArH), 4.27-4.16 (4H, m, CH2), 4.08 (2H, q, J 7.1, CH2), 1.27 (3H, t, J 7.1, CH3) and 
1.07 (3H, t, J 7.1, CH3). 
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(Ill) The solution from diethyl maleate, obtained according to the general method (a), 
was cooled to room temperature, washed with water (2x30.Oml) and the chloroform 
layer was rotary evaporated to give a deep orange oil (7.4g) which was flash-
chromatographed over silica, but gave no identifiable material. 
(IV) Ethyl 5-Amino-3-(2-nitrophenyl)isoxazole-4-carboxylate (141 a) 
The solution from ethyl cyanoacetate, obtained according to the general method 
(a), was cooled to room temperature, washed with water (2x30.Oml) and the 
chloroform layer was rotary evaporated to give an orange semisolid (7.4g). This was 
crystallised from ethanol to give a pale yellow solid which was combined with a 
second crop, obtained by rotary evaporation of the ethanolic mother liquor and flash-
chromatography of the residue in hexane-ethyl acetate (7:3) over silica, to afford 
ethyl 5-amino-3-(2-nitrophenyl)isoxazole-4-carboxylate (141 a) (total 2. 5g; 45%) 
which formed pale yellow needles, mp 168-169°C (from isopropanol), vmax  3411, 
3378, 3290, 3235 and 3121 (NH2), 1685 (C=O) and 1530 and 1353 (NO2) cm 1 , SH 
(CDCI3) 8.24-8.20 (IH, m, ArH), 8.00 (2H, s, NH2) (exch), 7.89-7.74 (2H, m, ArH), 
7.63-7.58 (IH, m, ArH), 3.93 (21-1, q, J 7.1, CH2) and 0.97 (31-1, t, J 7.1, CH3). 
The solution from ethyl cyanoacetate, obtained according to the general method 
(c) but using 1 molar equivalent of ethyl cyanoacetate and 3 molar equivalents of 
triethylamine, was cooled to room temperature, washed with water (2x60.Oml) and 
the chloroform layer was rotary evaporated to give an orange semisolid. This was 
crystallised from ethanol to give a pale yellow solid which was combined with a 
second crop, obtained by rotary evaporation of the ethanolic mother liquor and flash-
chromatography of the residue in hexane-ethyl acetate (8:2) over silica, to afford 
ethyl 5-amino-3-(2-nitrophenyl)isoxazole-4-carboxylate (141 a) (total 53%), mp 166- 
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168°C, identified by comparison [mp, ir and tic in hexane-ethyl acetate (7:3) over 
silica] with a sample prepared before. 
(iii) The solution from ethyl cyanoacetate, obtained according to the general method 
(c), was cooled to room temperature, washed with water (2x60.Oml) and the 
chloroform layer was rotary evaporated to give an orange semisolid. This was 
crystallised from ethanol to give a pale yellow solid which was combined with a 
second crop, obtained by rotary evaporation of the ethanolic mother liquor and flash-
chromatography of the residue in hexane-ethyl acetate (7:3) over silica followed by 
crystallisation from ethanol, to afford ethyl 5-amino-3-(2-nitrophenyl)isoxazole-4-
carboxylate (141a) (total 80%), mp 168-169°C, identical [mp, ir and tic in hexane-
ethyl acetate (7:3) over silica] with a sample prepared before. 
(V) 5-Amino-4-cyano-3-(2-nitrophenyl)isoxazole 041 b) 
(i) The solution from malononitrile, obtained according to the general method (a), 
was cooled to room temperature, washed with water (2x30.Omi) and the chloroform 
layer was rotary evaporated to give an orange oil (7.1g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave an oily solid which was washed with 
diethyl ether to afford impure 2-nitrobenzonitrile as an orange solid (0.38g; 13%), mp 
85-95°C, identified by comparison (mp and ir spectrum) with an authentic sample. 
Elution with hexane-ethyl acetate (7:3) gave a yellow oily solid which was washed 
with diethyl ether to afford 5-amino-4-cyano-3-(2-nitrophenyl)isoxazole (141b) 
(0.97g; 21%) which formed pale yellow crystals, mp 174-175°C (from isopropanol), 
vmax 3386, 3317, 3255, 3206 and 3171 (NH), 2223 (CN), 1648 (C=N) and 1517 
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and 1352 (NO2) cm1, Sii  (CDC13) 8.20-8.15 (IH, m, ArH), 7.81-7.58 (31-1, m, ArH) 
and 5.60 (2H, s, NH2) (exch). 
The solution from malononitrile, obtained according to the general method (c), 
was cooled to room temperature, washed with water (2x60.Oml) and the chloroform 
layer was rotary evaporated to give an orange oil (15.2g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afford impure 2-nitrobenzonitrile as a yellow 
oily solid (0.57g; 10%), identified by comparison [ir spectrum and tic in hexane-ethyi 
acetate (7:3) over silica] with an authentic sample. 
Elution with hexane-ethyl acetate (7:3) gave a yellow greenish solid which was 
crystallised from isopropanol to afford 5-amino-4-cyano-3-(2-nitrophenyl)isoxazole 
(141b) as a pale yellow solid (3.1g; 34%), mp 175-178°C, identified by comparison 
[mp, ir spectrum and tic in hexane-ethyl acetate (7:3) over silica] with sample 
prepared before. 
The solution from malononitrile, obtained according to the general method (c) 
but using N-ethyl diisopropylamine instead of triethylamine, was cooled to room 
temperature, washed with water (2x60.Oml) and the chloroform layer was rotary 
evaporated to give an orange red gum (12.9g) which was flash-chromatographed 
over silica. 
Eiution with hexane-ethyl acetate (7:3) gave an oily solid which was washed with 
diethyl ether to afford 5-amino-4-cyano-3-(2-nitrophenyl)isoxazole (141 b) as a 
yellow solid (2.6g; 28%), mp 168-174°C, identified by comparison [mp, ir spectrum 
and tic in hexane-ethyl acetate (7:3) over siiica] with sample prepared before. 
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(iv) The mixture from malononitrile, obtained according to the general method (b), 
was cooled to room temperature and treated with water (10.Oml) to give a three 
phase mixture which was filtered to remove an intractable beige solid (0.21g), mp 
260-265°C (decomp). 
Rotary evaporation of the chloroform layer gave a brown gum (0.44g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afford 5-amino-4-cyano-3-(2-
nitrophenyl)isoxazole (141b) as a yellow solid (0.30g; 52%), mp 155-163°C, 
identified by comparison [ir spectrum and tic in hexane-ethyl acetate (7:3) over 
silica] with sample prepared before. 
NO 5-Amino-3-(2-nitrophenyl)isoxazole-4-carboxamide (141 c) 
The mixture from cyanoacetamide, obtained according to the general method (c), 
was cooled to room temperature, washed with water (2x60.Oml) and the chloroform 
layer was rotary evaporated to give a red brown gum (15.2g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave a yellow sticky solid which was washed 
with diethyl ether to afford impure 2-nitrobenzonitrile as a yellow solid (0.48g; 8%), 
mp 85-88°C, identified by comparison [ir spectrum and tic in hexane-ethyl acetate 
(7:3) over silica] with an authentic sample. 
Elution with ethyl acetate gave an orange foam which was triturated with methanol 
to afford 5-amino-3-(2-nitrophenyl)isoxazole-4-carboxamide (141 c) (1.1 g; 11%) 
which formed beige microcrystals, mp 212-214°C (decomp with gas evolution) (from 
methanol), vmax  3473, 3425 and 3294 br (NH2), 1657 (C=O) and 1540, and 1343 
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(NO2) cm 1 , SH  [(CD3)2S=O] 8.19-8.14 (IH, m, ArH), 7.88-7.71 (41-1, m, ArH and 
NH2) (exch) and 3.39 (IH, bs, NH2) (exch). 
(VII) 5-Amino-4-benzenesulfonyl-3-(2-nitrophenyl)isoxazole (141 d) 
Benzenesulfonylacetonitrile 
A stirred suspension of benzenesulfinic acid sodium salt (32.8g; 0.2mol) in 
anhydrous ethanol (150m1) was treated with a solution of chloroacetonitrile (16.7; 
0.22mo1) in anhydrous ethanol (50.Oml) and the resulting suspension was stirred 
and heated under reflux with the exclusion of atmospheric moisture for 24h. 
The mixture was rotary evaporated and the solid residue washed with water (lOOmI) 
to afford benzenesulfonylacetonitrile as a beige solid (27.0g; 75%), mp 119-121°C 
(lit., 131 115°C) 
The mixture from benzenesulfonylacetonitrile, obtained according to the general 
method (C), was cooled to room temperature, washed with water (2x60.Oml) and the 
chloroform layer was rotary evaporated to give a red gum (26.5g) which was flash-
chromatographed over silica. 
Elution with dichlorometharie-ethyl acetate (96:4) gave a yellow oily solid which was 
washed with diethyl ether to afford 5-amino-4-benzenesulfonyl-3-(2-nitrophenyl) 
isoxazole (141d) (12.5g; 91%) which formed yellow crystals, mp 190-192°C (from 
ethanol), vmax 3448 and 3347 (NH2), 1642 (C=N) and 1528 and 1343 (NO2) cm 1 , 
H [(CD3)2S=O] 8.33-8.23 (31-1, m, ArH and NH2) (exch), 7.89-7.74 (21-1, m, ArH) 
and 7.66-7.35 (61-1, m, ArH). 
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The Catalytic Hydrogenation of 5-Acetyl-4-methyl-3-(2nitrophenyl)isoxazole (137) 
over Raney Nickel 
A solution of the nitrophenylisoxazole derivative (137) (0.98 g; 0.004moI) in 
anhydrous dimethylformamide (40.Oml) was hydrogenated over Raney nickel 
(0.098g) at room temperature and atmospheric pressure for 3h. 
The mixture was filtered through celite and rotary evaporated (oil pump) to give a 
beige solid (0.81g) which was flash-chromatographed over silica. 
Elution with ethyl acetate-methanol (95:5) afforded 3,4-dimethylisoxazolo[4,3- 
c]quinoline 5N-oxide (142) (0.71g; 83%) which formed cream microcrystals, mp 179- 
181°C (from isopropanol), vmax  1627 (C=N) cm1, 6H  (CDCI3) 8.76-8.72 (IH, m, 
ArH), 8.39-8.34 (IH, m, ArH), 7.87-7.78 (IH, m, ArH), 7.73-7.65 (IH, m, ArH), 2.92 
(3H, s, CH3) and 2.86 (3H, s, CH3). 
Elution with ethyl acetate-methanol (8:2) afforded 3-acetyl-4-amino-2- 
methylquinoline 1-N-oxide (143) as a yellow green solid (0.092g; 11%), mp 180- 
182°C, vmax 3500-2900 (NH2) and 1692 w (C=O) cm -1 
Found: mlz (Elms), 216.0892 (M) 
CHN20requires: M, 216.0899 
The Catalytic Hydrogenation of Ethyl 2-[4-Ethoxycarbonyl-3-(2-nitroDhenyl)isoxazol-
5-yllethanoate (139) over Palladium-on-charcoal 
(a) A solution of the nitrophenylisoxazole derivative (139) (1 .4g; 0.004mol) in ethanol 
(40.Oml) was hydrogenated over 10% palladium-on-charcoal (0.14g) at room 
temperature and atmospheric pressure for 2h. 
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The mixture was filtered through celite and rotary evaporated to give a yellow sticky 
solid (1 .32g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:4) afforded ethyl 2-(4-amino-3-ethoxycarbonyl- 
quinolin-2-yl)ethanoate (147) (0.58g; 48%) which formed cream microcrystals, mp 
129-130°C (from ethyl acetate) (lit. 132 126127 0C), vmax  3432, 3370, 3257 br and 
3193 br (NH2), 1737 and 1672 (C=O) and 1614 (C=N) cm 1 , oH  [(CD3)2S=O] 8.37-
8.33 (1H, m, ArH), 8.13 (IH, s, NH2) (exch), 7.76-7.66 (2H, m, ArH), 7.53-7.44 (H, 
m, ArH), 4.26 (2H, q, J 7.1, CH2), 4.08 (2H, s, CH2), 4.07 (21-1, q, J 7.1, CH2), 3.41 
(11-1, s, NH2) (exch), 1.74 (3H, t, J 7.1, CH3) and 1.29 (3H, t, J 7.1, CH3). 
Elution with ethyl acetate-methanol (4:1) afforded ethyl 2-[4-ethoxycarbonyl-3-(2-
aminophenyl)isoxazol-5-yl]ethanoate (144) (0. 55g; 43%) which formed yellow 
microcrystals, mp 190-193°C (decomp, resolidified; 331°C, decomp with gas 
evolution) (from ethanol), vmax 3339 br and 3126 br (NH2), 1721 and 1683 (C=O) 
and 1637 (C=N) cm1, 0H  [(CD3)2S=01 8.60-8.47 (2H, m, ArH), 7.95-7.86 (3H, m, 
ArH and NH2) (exch), 7.76-7.68 (1H, m, ArH), 4.34 (2H, 5, CH2), 4.31 (2H, q, J 7.1, 
CH2), 4.08 (2H, q, J 7.1, CH2), 1.28 (3H, t, J 7.1, CH3) and 1.18 (3H, t, J 7.1, CH3). 
(b) A solution of the nitrophenylisoxazoloe derivative (139) (1 .4g; 0.004mol) in 
ethanol (40.Oml) was hydrogenated over 10% palladium-on-charcoal (0.149) in a 
Parr-hydrogenator at room temperature and 4 atmospheres for 3h. 
The mixture was filtered through celite and rotary evaporated to give a yellow solid 
(1 .2g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:4) afforded ethyl 2-(4-amino-3-ethoxycarbonyl-
quinolin-2-yl)ethanoate (147) as a beige solid (0.56g; 47%), mp 118-122°C, 
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identified by comparison [ir spectrum and tic in hexane-ethyl acetate (2:3) over 
silica] with a sample prepared before. 
Elution with ethyl acetate-methanol (4:1) afforded 3-ethoxycarbonylmethylidene-4- 
oxo-1,3,4,5-tetrahydroisoxazolo[4,3-c]quinoline (146) (0.48g; 44%) which formed 
yellow crystals, mp 237-238°C (decomp with gas evolution) (from acetic acid), vmax 
3390 br and 3256 br (NH2), 1724 and 1675 (C=O) and 1617 (C=N) cm1, 5H 
[(CD3)2S0] 9.34 (11-1, bs, NH), 8.27 (11-1, bs, NH), 8.36-8.31 (IH, m, ArH), 7.83- 
7.75 (IH, m, ArH), 7.56-7.51 (IH, m, ArH), 7.40-7.32 (IH, m, ArH), 5.15 (1H, s, CH), 
4.31 (21-1, q, J 7.1, CH2) and 1.36 (3H, t, J 7.1, CH3). 
3-Ethoxycarbonylmethylidene-4-oxo- 1.3,4, 5-tetrahydroisoxazolol4. 3-ciguinoline 
(146) 
A solution of the aminophenylisoxazole derivative (144) (0.32g; 0.001mol) in glacial 
acetic acid (2.5m1) was stirred and heated under reflux for 0.5h. 
The resulting suspension was cooled to room temperature and the insoluble solid 
collected to afford 3-ethoxycarbonylmethylidene-4-oxo- 1,3,4, 5-tetrahydroisoxazolo-
[4,3-c]quinoline (146) as a yellow solid (0.26g; 96%), mp 235-237°C, (decomp with 
gas evolution), identified by comparison (mp and ir spectrum) with a sample 
prepared before. 
The Attempted Reduction of 3-Ethoxycarbonylmethylidene-4-oxo-1 .3.4. 5-tetrahydro-
isoxazoloF43-c]guinoline (146) Using Hydrogen over Palladium-on-charcoal 
A solution of the isoxazoloquinolinone derivative (146) (0.27g; 0.002mol) in 
anhydrous dimethylformamide (30.Oml) was hydrogenated over 10% palladium-on-
charcoal (0.027g) at room temperature and atmospheric pressure for 4h. 
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The mixture was filtered through celite, the filtrate was rotary evaporated and the 
solid residue washed with diethyl ether to give only the unreacted starting material 
(146) as a beige solid (0.22g; 84%), mp 237-238°C (decomp with gas evolution), 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
Ethyl 3-(4. 5-Dihydro-5-hydroxy-4-oxoisoxazolo[4, 3-clpuinolin-3-yl)ethanoate (149) 
A solution of the nitrophenylisoxazole derivative (139) (34.8 g; O.lmol) in anhydrous 
dimethylformamide (1000ml) was hydrogenated over Raney nickel (7.0g) at room 
temperature and atmospheric pressure for 7h. 
The mixture was filtered through celite, the filtrate rotary evaporated (oil pump) and 
the residue treated with diethyl ether to afford ethyl 3-(4,5-dihydro-5-hydroxy-4-
oxoisoxazolo[4,3-c]quinolin-3-yl)ethanoate (149) (25.3g; 88%) which formed beige 
crystals, mp 165-166°C (from ethanol), vmax  3108 br (OH), 1729 and 1642 (C=O) 
and 1612 (C=N) cm1, 8H  [(CD3)2S=0] 11.21 (IH, s, OH) (exch), 8.21-8.17 (1H, m, 
ArH), 7.74-7.67 (2H, m, ArH), 7.39-7.31 (IH, m, ArH), 4.49 (2H, s, CH2), 4.15 (2H, 
q, J 7.1, CH2) and 1.20 (3H, t, J 7.1, CH3). 
Ethyl 3-(4-Amino-1 . 2-dihvdro- I -hvdroxv-2-oxoouinolin-3-vl)-3-oxooroDanoate (150 
A solution of ethyl 3-(4, 5-dihydro-5-hydroxy-4-oxoisoxazolo[4, 3-c]quinolin-3-
yI)ethanoate (149) (big; 0.035mo1) in anhydrous dimethylformamide (350m1) was 
hydrogenated over 10% palladium-on-charcoal (1.0g) at room temperature and 
atmospheric pressure for 1 h. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
solid residue washed with diethyl ether to afford ethyl 3-(4-amino-1 ,2-dihydro-1- 
hydroxy-2-oxoquinolin-3-yl)-3-oxopropanoate (150) (9.9g; 98%) which formed cream 
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microcrystals, >330°C (phase modification 190-220°C) (from I ,4-dioxane), vmax 
3431, 3249 and 3216 (NH2), 3000-2400 (OH) and 1709 (C0) cm1, 8H 
[(CD3)2S=0] 10.86 (1 H, s, NH or OH) (exch), 10.63 (1 H, bs, NH or OH) (exch), 8.66 
(1H, bs, NH or OH) (exch), 8.28 (IH, d, J 8.1, ArH), 7.76-7.68 (IH, m, ArH), 7.60-
7.55 (11-1, m, ArH), 7.30-7.21 (IH, m, ArH), 4.07 (21-1, q, J 7.1, CH2), 3.96 (2H, s, 
CH2) and 1.18 (3H, t, J 7.1, CH3). 
Ethyl 3-(5-Acetoxv-4. 5-dihvdro-4-oxoisoxazolol4. 3-clauinolin-3-vl)ethanoate (151 
A mixture of ethyl 3-(4, 5-dihydro-5-hydroxy-4-oxoisoxazolo[4, 3-c]quinolin-3-
yl)ethanoate (149) (14.4g; 0.05mol) and acetic anhydride (4.Oml) was heated at 
100°C with the exclusion of atmospheric moisture for 10min and the resulting 
solution was left to cool to room temperature for 20mm. 
The mixture was diluted with anhydrous diethyl ether and the solid collected to 
afford ethyl 3-(5-acetoxy-4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinolin-3-yl)ethanoate 
(151) (15.3g; 93%) which formed colourless microcrystals, mp 135-136°C (from 
ethyl acetate), vmax  1810, 1743 and 1704 (C=O) and 1642 (C=N) cm1, 8H  (CDCI3) 
8.24-8.19 (1H, m, ArH), 7.63-7.55 (1H, m, ArH), 7.37-7.17 (21-1, m, ArH), 4.33 (IH, s, 
CH2), 4.12 (1H, s, CH2), 4.12 (21-1, q, J 7.1, CH2), 2.47 (31-1, s, CH3) and 1.25 (31-1, t, 
J 7.1, CH3). 
The Catalytic Hydrogenation of Ethyl 3-(5-Acetoxy-4.5-dihydro-4-oxoisoxazoloF4. 3-
clguinolin-3-yl)ethanoate (151) over Palladium-on-Charcoal 
(a) A solution of ethyl 3-(5-acetoxy-4, 5-dihydro-4-oxoisoxazolo[4, 3-c]qumnolin-3- 
yl)ethanoate (151) (1.3g; 0.004mol) in anhydrous dimethylformamide (40.Oml) was 
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hydrogenated over 10% palladium-on-charcoal (0.13g) at room temperature and 
atmospheric pressure for 6h. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
solid residue washed with boiling ethyl acetate (10.Oml) to afford ethyl 3-(4-amino- 
I ,2-dihydro-2-oxoquinolin-3-yl)-3-oxopropanoate (148) (0. 96g; 84%) which formed 
cream microcrystals, mp>350°C (from ethanol), vmax  3402 and 3184 (NH) and 
1723, 1658 and 1651 (C=O) cm1, 8H  [(CD3)2S=0] 10.94 (1H, s, NH), 10.71 (1H, 
bs, NH), 8.63 (IH, bs, NH), 8.17 (IH, d, J 8.1, ArH), 7.61-7.52 (1H, m, ArH), 7.23- 
7.12 (2H, m, ArH), 4.06 (2H, q, J 7.1, CH2), 3.96 (2H, s, CH2) and 1.17 (3H, t, J 7.1, 
CH3). 
Rotary evaporation of the ethyl acetate mother liquor afforded afford ethyl 3-(1-
acetoxy-4-am mo- i , 2-dihydro-2-oxoquinolin-3-yl)-3-oxopropanoate (152) (0. 22g; 
16%) which formed cream microcrystals, mp 306-307°C (190-195°C phase 
modification) (from ethyl acetate), vmax  3434, 3412 and 3187 (NH2) and 1789, 
1706 and 1655 (C=O) cm 1 , oH  [(CD3)2S=0] 10.83 (1H, bs, NH) (exch), 8.94 (IH, 
bs, NH) (exch), 8.36 (IH, d, J 8.1, ArH), 7.77-7.69 (1H, m, ArH), 7.40-7.32 (2H, m, 
ArH), 4.05 (2H, q, J 7.1, CH2), 3.91 (2H, s, CH2), 2.45 (3H, s, CH3) and 1.15 (3H, t, 
J 7.1, CH3). 
(b) A solution of ethyl 3-(5-acetoxy-4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinolin-3-
yl)ethanoate (151) (1.3g; 0.004mol) in anhydrous dimethylformamide (40.Oml) was 
hydrogenated over 10% palladium-on-charcoal (0.13g) at room temperature and 4 
atmospheres for 6h. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
solid residue washed with boiling ethyl acetate (15.Oml) to afford ethyl 3-(4-amino- 
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1,2-dihydro-2-oxoquinolin-3-yl)-3-oxopropanoate (148) as a cream solid (0.92g; 
81%), mp >360°C, identified by comparison (mp and ir spectrum) with a sample 
prepared in (a) before. 
Rotary evaporation of the ethyl acetate mother liquor afforded afford ethyl 3-(1-
acetoxy-4-amino- 1, 2-dihydro-2-oxoquinolin-3-yl)-3-oxopropanoate (152) as a cream 
solid (0.22g; 16%), mp 185-190°C (partly melted, resolidified) >360°C, identified by 
comparison (mp and ir spectrum) with a sample prepared in (a) before. 
(c) A solution of ethyl 3-(5-acetoxy-4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinolin-3-
yl)ethanoate (151) (14.9g; 0.045mo1) in anhydrous dimethylformamide (250m1) was 
hydrogenated over 10% palladium-on-charcoal (1 .5g) at room temperature and 4 
atmospheres for 20h. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
solid residue washed with boiling ethyl acetate (80.Oml) to afford ethyl 3-(4-amino-
1,2-dihydro-2-oxoquinolin-3-yl)-3-oxopropanoate (148) as a cream solid (8.3g; 68%), 
mp >360°C, identified by comparison [mp, ir spectrum and tic in dichioromethane 
methanol (97:3) over silica] with a sample prepared in (a) before. 
Rotary evaporation of the ethyl acetate mother liquor gave a beige tacky solid which 
was washed with boiling ethyl acetate (30.4m1) to afford ethyl 3-(4-amino-1,2-
dihydro-1-hydroxy-2-oxoquinolin-3-yl)-3-oxopropanoate (150) as a cream solid 
(0.69g; 5%), mp >360°C, identified by comparison [mp, ir spectrum and tic in 
dichloromethane methanol (97:3) over silica] with a sample prepared before. 
Rotary evaporation of the ethyl acetate mother liquor gave a beige gummy solid 
which was washed with diethyl ether-ethyl acetate to give impure ethyl 3-(1 -acetoxy- 
4-amino-I ,2-dihydro-2-oxoquinolin-3-yl)-3-oxopropanoate (152) as a beige solid 
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(0.22g; 16%), [ir spectrum and tic in dichioromethane methanol (97:3) over silica] 
with a sample prepared in (a) before. 
The Catalytic Hydrogenation of Ethyl 5-Amino-3-(2-nitrophenyl)isoxazole-4-
carboxylate (141a) over Palladium-on-charcoal 
(a) A solution of the nitrophenylisoxazoloe derivative (141a) (1.1g; 0.004moI) in 
anhydrous dimethylformamide (40.Oml) was hydrogenated over 10% palladium-on-
charcoal (0.1 ig) at room temperature and atmospheric pressure for lh. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
residue triturated with diethyl ether to afford 3-amino-3-(2-aminophenyl)-2-
ethoxycarbonylacrylamide (153) (0.82g; 82%) which formed cream crystals, mp 149-
1500C (decomp with gas evolution, resolidified; 320-330°C decomp with gas 
evolution) (from isopropanol), vmax  3345 and 3123 br (NH), 1648 (C=O) and 1606 
(C=N) cm 1 , SH  [(CD3)2S=0] 10.86 (1H, bs, NH) (exch), 8.03 (1H, s, NH) (exch), 
7.94 (11-1, s, NH) (exch), 7.09-7.01 (IH, m, ArH), 6.88-6.84 (21-1, m, ArH and NH) 
(exch), 6.67-6.51 (21-1, m, ArH), 4.80 (2H, s, NH) (exch), 3.60 (21-1, q, J 7.1, CH2) and 
0.55 (31-1, t, J 7.1, CH3), which on crystallisation from glacial acetic acid afforded 4- 
amino-1 ,2-dihydro-2-oxoquinoline-3-carboxamide (154) as colourless needles, mp 
331-332°C (decomp with gas evolution), vmax  3453 and 3358 (NH), 1663 (C0) 
and 1629 (C=N) cm1, 8H  [(CD3)2S0] 11.14 (1H, s, NH) (exch), 10.85 (1H, s, NH) 
(exch), 9.83 (1H, d, J 5.0, NH) (exch), 8.11-8.07 (21-1, m, ArH and NH) (exch), 7.72-
7.52 (IH, m, ArH) and 7.27-7.14 (31-1, m, ArH and NH) (exch). 
The tic in dichloromethane-methanol (95:5) over silica of a two month old sample of 
3-amino-3-(2-aminophenyl)-2-ethoxycarbonylacrylamide (153) showed that the open 
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chain derivative slowly cyclised on standing to 4-amino-I ,2-dihydro-2-oxoquinoline-
3-carboxamide (154). 
(b) Repetition of the hydrogenation as described in (a) but on a 0.2mol scale gave a 
beige solid (57.9g) whose tic in dichloromethane-methanol (95:5) over silica showed 
it to be a mixture of the open chain and the ring closed derivative (153) and (154). 
A suspension of this solid (57.9g) in glacial acetic acid (400ml) was stirred and 
heated under reflux for 0.5h. The resulting solution was rotary evaporated and the 
residue washed with boiling ethyl acetate (lOOmI) to afford 4-amino-1 ,2-dihydro-2-
oxoquinoline-3-carboxamide (154) as a cream solid (35.9g; 88%), mp 330-332°C 
(decomp with gas evolution) identified by comparison (mp and ir spectrum) with a 
sample prepared in (a) before. 
4-Amino-1 ,2-dihydro-2-oxoguinoline-3-carboxamide (154) 
A suspension of 3-amino-3-(2-aminophenyl)-2-ethoxycarbonylacrylamide (153) 
(2.5g; 0.01 mol) in glacial acetic acid (20.Oml) was stirred and heated under reflux for 
0.5h. 
The resulting solution was left to cool to room temperature and the precipitated solid 
was collected and combined with a second crop, obtained by rotary evaporation of 
the mother liquor and treatment of the residue with diethyl ether, to afford 4-amino-
1,2-dihydro-2-oxoquinoline-3-carboxamide (154) as a cream solid (total 1.8g; 90%), 
mp 331-332°C (decomp with gas evolution), identical (mp and ir spectrum) with a 
sample prepared before. 
4-Amino-2-chloro-3-cyanopuinoline (155) 
A stirred mixture of phosphorus oxychloride (12.3g; 0.08mol) and N,N-
dimethylaniline (1.69; 0.013mol) was treated portionwise with solid 4-amino-1,2- 
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dihydro-2-oxoquinoline-3-carboxamide (154) (0.81g; 0.008mol) and the resulting 
suspension was stirred at room temperature for 20min then stirred and heated under 
reflux with the exclusion of atmospheric moisture for 2h. 
The resulting deep orange solution was rotary evaporated and the residue treated 
with dichloromethane (20.Oml) followed by ice (20.0g) to give a three phase mixture. 
The solid was collected to give a beige brown gummy solid (0.67g) which was 
treated with 10% w/v aqueous sodium hydrogen carbonate solution (5.Oml) and the 
resulting suspension was stirred at room temperature for 0.5h. The solid was 
collected to give a beige solid (0.44g) which was soxhlet extracted with ethyl acetate 
for 3h to afford 4-amino-2-chloro-3-cyanoquinoline (155) (0.33g; 41%) which formed 
beige microcrystals, mp 305-308°C (decomp with gas evolution) (from acetonitrile) 
[lit. 133 305-307°C (decomp)], vmax  3359, 3349 and 3206 (NH2), 2222 (CN) and 
1669 (C=N) cm1, 8H  [(CD3)2S=O] 8.40-8.35 (11-1, m, ArH), 8.28 (21-1, s, NH2) 
(exch), 7.84-7.70 (2H, m, ArH) and 7.60-7.52 (1H, m, ArH). 
The Catalytic Hydrogenation of Ethyl 5-Amino-3-(2-nitrophenyl)isoxazole-4-
carboxylate (141a) over Raney Nickel 
A solution of the nitrophenylisoxazole derivative (141a) (13.9 g; 0.05mol) in 
anhydrous dimethylformamide (500m1) was hydrogenated over Raney nickel (2.8g) 
at room temperature and atmospheric pressure for 6h. 
The mixture was filtered through celite, the filtrate rotary evaporated (oil pump) and 
the residue treated with diethyl ether to afford ethyl 5-amino-3-(2-
hydroxyaminophenyl)isoxazole-4-carboxylate (156) (12.2g; 93%) which formed 
colourless microcrystals, mp 142-143°C (decomp with gas evolution) (from ethyl 
acetate), vmax 3461, 3324 and 3235 br (NH and OH), 1693 (CO) and 1633 (C=N) 
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cm1, 5H  [(CD3)2S=O] 8.42 (1H, d, J 2.0, NH or OH) (exch), 7.87 (21-1, s, NH or OH) 
(exch), 7.68 (IH, s, NH or OH) (exch), 7.37-7.29 (IH, m, ArH), 7.21-7.11 (21-1, m, 
ArH), 6.86-6.78 (11-1, m, ArH), 4.02 (21-1, q, J 7.1, CH2) and 1.03 (31-1, t, J 7.1, CH3), 
which on crystallisation from glacial acetic acid afforded 3-amino-4,5-dihydro-5- 
hydroxy-4-oxoisoxazolo[4,3-c]quinoline (158) as cream microcrystals, mp 259- 
260°C (decomp with gas evolution), vmax  3418, 3270 br and 3084 br (NH and OH) 
and 1666 (C=O) cm 1 , SH  [(CD3)2S=0] 10.86 (IH, s, OH) (exch), 8.30 (21-1, s, NH2) 
(exch), 7.87-7.83 (IH, m, ArH), 7.68-7.53 (2H, m, ArH) and 7.27-7.19 (1H, m, ArH). 
3-Am ino-4, 5-dihydro-5-hydroxy-4-oxoisoxazoloF4, 3-cipuinoline (158) 
A solution of ethyl 5-amino-3-(2-hydroxyaminophenyl)isoxazole-4-carboxylate (156) 
(9.2g; 0.035mo1) in glacial acetic acid (140ml) was stirred and heated under reflux 
for 0.5h. 
The resulting suspension was cooled to room temperature and the insoluble solid 
collected and combined with a second crop, obtained by rotary evaporation of the 
mother liquor and treatment of the residue with diethyl ether, to afford 3-amino-4,5-
dihydro-5-hydroxy-4-oxoisoxazolo[4,3-c]quinoline (158) as a cream solid (total 7.0g; 
92%), mp 256-258°C (decomp with gas evolution), identified by comparison (mp and 
ir spectrum) with a sample prepared before. 
3-Amino-3-(2-am inophenyl)-2-ethoxycarbonylacrvlamide (153) 
A solution of ethyl 5-amino-3-(2-hydroxyam inophenyl)isoxazole-4-carboxylate (156) 
(1.1g; 0.004mol) in anhydrous dimethylformamide (40.Oml) was hydrogenated over 
10% palladium-on-charcoal (0.1 ig) at room temperature and atmospheric pressure 
for 45mm. 
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The mixture was filtered through celite, the filtrate was rotary evaporated (oil pump) 
and the residue treated with diethyl ether to afford 3-amino-3-(2-aminophenyl)-2-
ethoxycarbonylacrylamide (153) as a beige solid (0.78g; 78%), mp 135-140°C C 
(decomp with gas evolution, resolidified; 315-320°C remelted), identified by 
comparison [mp, ir spectrum and tic in hexane-ethyl acetate (2:3) over silica] with a 
sample prepared before. 
Rotary evaporation of the ethereal mother liquor gave a yellow waxy solid (0.23g) 
whose tic in hexane-ethyl acetate (2:3) over silica showed it to be a mixture of 3-
amino-3-(2-aminophenyl)-2-ethoxycarbonylacrylamide (153) and 4-amino-I 2-
dihydro-2-oxoquinoline-3-carboxamide (154) which was not further investigated. 
Ethyl 5-Amino-3-(2-nitrosophenyl)isoxazoie-4-carboxylate (157) 
A solution of ethyl 5-amino-3-(2-hydroxyaminophenyl)isoxazole-4-carboxylate (156) 
(0.39g; 0.0015mol) in anhydrous acetonitrile (15.Oml) was treated with activated 
manganese(IV) oxide (0.75g) and the resulting dark suspension was stirred at room 
temperature with the exclusion of atmospheric moisture for 0.5h. 
The suspension was filtered through celite and rotary evaporated to afford ethyl 5- 
amino-3-(2-nitrosophenyl)isoxazole-4-carboxylate (157) (0. 36g; 93%) which formed 
turcoise needles, mp 164-165°C (from ethyl acetate), vmax 3393, 3295 and 3236 
(NH2), 1682 (C=O) and 1647 (C=N) cm1, 6H  (CDCI3) 7.85-7.72 (21-1, m, ArH), 7.55-
7.46 (11-1, m, ArH), 6.55-6.50 (IH, m, ArH), 6.13 (21-1, s, NH2), 3.89 (21-1, q, J 7.1, 
CH2) and 0.80 (31-1, t, J 7.1, CH3). 
5-Acetoxy-3-amino-4. 5-dihydro-4-oxoisoxazoIoF4,3-clguinoline (159) 
A mixture of 3-amino-4, 5-dihydro-5-hydroxy-4-oxoisoxazolo[4,3-c]quinoline (158) 
(0.43g; 0.002mol) and acetic anhydride (1.5m1) was heated at 100°C (steam bath) 
219 
with the exclusion of atmospheric moisture for 10min and then left to cool to room 
temperature for 20mm. 
The mixture was diluted with diethyl ether and the solid collected to afford 5- 
acetoxy-3-amino-4, 5-dihydro-4-oxoisoxazolo[4, 3-c]quinoline (159) (0.49g; 95%) 
which formed colourless microcrystals, mp 260-263°C (decomp with gas evolution) 
(from dioxane), vmax  3350-3100 (NH) and 1793 and 1683 (C=O) cm1, 8H 
[(CD3)2S=O] 8.51 (21-1, s, NH) (exch), 7.94-7.90 (IH, m, ArH), 7.67-7.59 (IH, m, 
ArH), 7.39-7.27 (21-1, m, ArH) and 2.47 (3H, s, CH3). 
4-Amino-I ,2-dihydro-1 -hydroxy-2-oxoguinoline-3-carboxamide (160) 
A solution of 3-amino-4, 5-dihydro-5-hydroxy-4-oxoisoxazolo[4, 3-c]quinoline (158) 
(7.6g; 0.035mo1) in anhydrous dimethylformamide (350ml) was hydrogenated over 
10% pal lad ium-on-cha rcoal (0.76g) at room temperature and atmospheric pressure 
for 45mm. 
The mixture was filtered through celite and rotary evaporated to give a solid residue 
which was washed with boiling ethyl acetate to afford 4-ammno-1,2-dihydro-1-
hydroxy-2-oxoquinoline-3-carboxamide (160) (7.4g; 97%) which formed colourless 
crystals, mp 248-250°C (decomp with gas evolution) (from dimethylformamide), 
vmax 3436, 3320 and 3157 br (NH), 2784 br (OH) and 1670 and 1651 (C=O) cm -1 , 
6H [(CD3)2S=0] 10.90 (IH, s, NH or OH) (exch), 10.75 (1H, bs, NH or OH) (exch), 
9.66 (1H, d, J 4.5, NH) (exch), 8.20 (IH, d, J 8.1, ArH), 8.17 (1H, s, NH or OH) 
(exch), 7.74-7.59 (2H, m, ArH) and 7.34-7.23 (2H, m, ArH and NH) (exch). 
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The Catalytic Hydrogenation of 5-Amino-4-cyano-3-(2-nitrophenyl)isoxazole (141 b) 
over Pal lad i um-on-charcoal 
A solution of the nitrophenylisoxazole derivative (141b) (0.929; 0.004mol) in 
anhydrous dimethylformamide (40.OmI) was hydrogenated over 10% palladium-on-
charcoal (0.092g) at room temperature and atmospheric moisture for 0.75h. 
The mixture was filtered through celite and rotary evaporated (oil pump) to give a 
yellow glass (1 .2g) which was treated with diethyl ether to afford 2,4-
diaminoquinoline-3-carboxamide 1-N-oxide (161) (0.78g; 89%) which formed yellow 
microcrystals, mp 258-260°C (decomp with gas evolution) (from ethanol), vmax 
3394 and 3227 br (NH), 1666 (C=O) and 1617 (C=N) cm1, 8H  [(CD3)2S=O] 8.22-
8.15 (21-1, m, ArH), 7.91 (2H, s, NH2) (exch), 7.78-7.62 (2H, m, ArH), 7.32-7.24 (1H, 
m, ArH), 7.05 (2H, s, NH2) (exch) and 7.01 (2H, s, NH2) (exch). 
Rotary evaporation of the ethereal mother liquor afforded 3-amino-3-(2- 
aminophenyl)-2-cyanoacrylamide (162) (0.090; 11%) which formed colourless 
crystals, mp 175-176°C (from ethanol), vmax  3456, 3411, 3363, 3325 br and 3158 
br (NH), 2185 (CN), 1657 (C=O) and 1636 (C=N) cm 1 , SH  [(CD3)2S=0] 9.91 (IH, 
d, J 4.2, NH) (exch), 8.33 (1H, d, J 4.2, NH) (exch), 7.20-6.40 (2H, bs, NH) (exch), 
7.17-7.09 (IH, m, ArH), 7.03-6.98 (IH, m, ArH), 6.75-6.71 (1H, m, ArH), 6.62-6.45 
(1H, m, ArH) and 5.14 (2H, s, NH) (exch). 
34-DiaminoisoxazoleF4,3-clpuinoline 5-N-oxide (163) 
A solution of the nitrophenylisoxazole derivative (141b) (0.92g; 0.004mol) in 
anhydrous dimethylformamide (40.Oml) was hydrogenated over Raney-nickel 
(0.092g) at room temperature and atmospheric moisture for 2h. 
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The mixture was filtered through celite, the filtrate was rotary evaporated (oil pump) 
and the solid residue (0.92g) washed with methanol to afford 3,4-
diaminoisoxazole[4,3-c]quinoline 5-N-oxide (163) (0.75g; 87%) which formed 
colourless microcrystals, mp 227°C (decomp with gas evolution) (from acetic acid), 
vmax 3421 and 3400-2800 (NH) and 1711, 1687 and 1657 (C=N) cm1, 6H 
[(CD3)2S0] 12.0-2.5 (4 H, bs, NH), 8.06-8.01 (11-1, m, ArH), 7.91-7.87 (11-1, m, 
ArH), 7.67-7.59 (1H, m, ArH) and 7.35-7.23 (IH, m, ArH). 
The Attempted Catalytic HydroQenation of 5-Amino-4-benzenesulfonyl-3-(2-
nitrophenyl) isoxazole (141d) 
A solution of the nitrophenylisoxazole derivative (141d) (1.4 g; 0.004mol) in 
anhydrous dimethylformamide (40.Oml) was hydrogenated over palladium-on-
charcoal (0.14g) at room temperature and atmospheric pressure for 7.5h. 
The mixture was filtered through celite and rotary evaporated (oil pump) to give a 
complex bordeaux red gum (1 .7g) from which no identifiable material could be 
obtained. 
A solution of the nitrophenylisoxazole derivative (141d) (1.4 g; 0.004mol) in 
anhydrous dimethylformamide (40.Oml) was hydrogenated over Raney nickel 
(0.14g) at room temperature and atmospheric pressure for 6h. 
The mixture was filtered through celite and rotary evaporated (oil pump) to give an 
orange gum (1 .5g) whose tIc in dichloromethane-ethyl acetate (95:5) over silica 
showed it to be mainly unreacted starting material (141d) which was not further 
investigated. 
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Table 3: Elemental Analyses and Mass Spectroscopic Data 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(C7H5C1N203) 42.4 2.6 14.0 (201.0065) and 
(203.0030) 
41.9 2.5 14.0 (201.0067) and 
 (203.0038) 
(C14H8N406) 51.6 2.5 16.8 (329.0518) 51.2 2.5 17.1 (329.0522) 
(C15H16N207) 53.6 4.7 8.2 (337) 53.6 4.8 8.3 336 
(C11H12N605) 42.8 3.9 27.1 (309) 42.9 3.9 27.3 308 
(C15H14N207) 53.6 4.0 8.3 (335) 53.9 4.2 8.4 334 
(C13H12N205) - - - (307.1287) - - - (307.1294) 
(C13H10N204) 60.6 3.8 10.9 258 60.5 3.9 10.9 258 
(C15H15N305) 56.9 4.6 13.4 (318) 56.8 4.8 13.3 317 
(C13H12N205) 56.4 4.1 9.9 276 56.5 4.3 10.1 276 
(C12H12N205) 54.3 4.6 10.5 (265) 54.6 4.6 10.6 264 
(C12H14N203) 61.6 5.8 11.9 234 61.5 6.0 12.0 234 
(C14H16N204) 61.0 5.5 10.0 (277) 60.9 5.8 10.1 276 
(C10H8N205) 50.7 3.5 11.6 236 50.9 3.4 11.9 236 
(C13H14N205) 55.8 4.8 9.9 (279) 56.1 5.1 10.1 278 
(C13H16N203) 62.8 6.6 11.4 248 62.9 6.5 11.3 248 
(C15H18N204) 61.9 6.0 9.5 (291) 62.1 6.3 9.7 290 
(C13H12N204) 60.1 4.7 10.9 260 60.0 4.7 10.8 260 
(C13H10N204) 60.5 3.8 10.8 (259) 60.5 3.9 10.9 258 
(C13H14N203) 63.5 6.0 11.0 (247) 63.4 5.7 11.3 246 
(C13H12N202) 63.8 5.1 12.1 228.0890 68.4 5.3 12.3 228.0899 
(79) (C11H4N403) 55.1 1.9 23.2 240 55.0 1.7 23.3 240 
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Table 3: Elemental Analyses and Mass SpectroscoDic Data (cont.) 
Compound   Found   Required 
C% H% N% M, (M+H)+ a C% H% N% M, (M+H) a 
(85) or (86) (C20H8N408) 55.8 1.9 13.0 (433) 55.6 1.9 13.0 432 
(C17H8N205) 63.8 2.6 8.5 (321) 63.8 2.5 8.7 320 
(C17H10N202) 74.7 3.6 10.4 274 74.4 3.7 10.2 274 
(C17H10N202) 74.0 3.8 10.2 274.0744 74.4 3.7 10.2 274.0742 
(92) (C19H14N202) 75.0 4.7 9.4 302.1051 75.5 4.7 9.3 302.1055 
(98) (C17H8N203) 71.1 2.9 9.5 288 70.8 2.8 9.7 288 
(C13H10N207) 51.0 3.3 9.1 (307) 51.0 3.3 9.2 306 
(C13H12N205) 56.4 4.5 10.0 276 56.5 4.4 10.1 276 
(C11H6N205) 53.9 2.4 11.3 246 53.7 2.5 11.4 246 
(C11H12N205) 52.3 4.8 10.9 (253) 52.4 4.8 11.1 252 
(C13H8N206) 54.2 3.0 9.8 288 54.2 2.8 9.7 288 
(108) (C12H8N205) 55.4 3.4 10.6 260 55.4 3.1 10.8 260 
(109) (C14H10N206) 55.4 3.1 9.2 302 55.6 3.3 9.3 302 
(110) (C14H12N206) 55.6 3.9 9.2 304 55.3 4.0 9.2 304 
(111) (C12H10N204) - - - 246.0650 - - - 246.0641 
(112) (C 11 H6N203. H20) 57.0 3.5 12.1 (215.0454) 56.9 3.6 11.8 (215.0457) 
(113) (C12H10N205) 55.3 3.7 10.7 (263) 55.0 3.8 10.7 262 
(114) (C11H8N205) 52.5 3.2 11.1 (249.0506) 53.2 3.3 11.3 (249.0512) 
(115) (C12H9N06) 54.5 3.6 5.2 263 54.8 3.5 5.3 263 
(116) (C11H6N204) 57.3 2.5 12.1 230 57.4 2.6 12.2 230 
(117) (C13H8N205) 57.3 2.8 10.3 272 57.4 3.0 10.3 272 
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Table 3: Elemental Analyses and Mass Spectroscopic Data (cont.) 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(118) (C19H14N207S) 55.3 3.5 6.5 (415) 55.1 3.4 6.8 414 
(119) (C12H8N205) 55.2 3.3 10.3 (261.0514) 55.4 3.1 10.8 (261.0512) 
(120) (C19H14N207S) 55.4 3.6 6.6 (415) 55.1 3.4 6.8 414 
(122) (C12H10N205) 54.7 3.9 10.6 (263) 55.0 3.8 10.7 262 
(122) and (123) (C12H1 10N205) 54.9 3.7 10.9 262 55.0 3.8 10.7 262 
(C13H12N205) 62.0 5.1 12.0 232 62.1 5.2 12.1 232 
(C10H6N203) 59.3 3.1 13.6 202 59.4 3.0 13.9 202 
(C12H8N204) 58.9 3.5 11.4 244 59.0 3.3 11.5 244 
(C10H8N203) 59.0 3.9 13.7 204 58.8 4.0 13.7 204 
(C12H10N204) 57.6 4.1 11.1 (247.0713) 58.5 4.1 11.4 (247.07919) 
(C12H12N204) 58.2 5.1 11.0 248 58.1 4.9 11.3 248 
(C16H16N206) 57.9 4.7 8.3 (333) 57.8 4.9 8.4 332 
(C14H14N204) 61.1 5.3 10.1 274 61.3 5.2 10.2 274 
(C24H20N407) 60.7 4.2 11.7 (477) 60.5 4.2 11.8 476 
(C16H16N205) 60.9 5.2 8.8 (317) 60.8 5.1 8.9 316 
(C12H10N204) 58.1 4.1 11.1 246 58.5 4.1 11.4 246 
(137) (C12H10N204) 58.5 4.0 11.4 (247) 58.5 4.1 11.4 264 
(139) (C16H16N207) 54.9 4.3 7.8 (349) 55.2 4.6 8.0 348 
(141a) (C12H11N305) 52.2 3.9 15.0 277 52.0 4.0 15.2 277 
(141b)(C10H6N403) 52.5 2.6 24.5 230 52.2 2.6 24.3 230 
(141c) (C10H8N404) 47.9 3.6 23.2 248.0548 48.4 3.3 22.6 248.0546 
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Table 3: Elemental Analyses and Mass Spectroscopic Data (cont.) 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(141d) (C15H11N305S) 52.2 3.4 12.1 345 52.2 3.2 12.2 345 
(142) (C12H10N202) 67.4 4.8 13.0 214 67.3 4.7 13.1 214 
(144) (C16H18N205) 60.4 5.8 8.7 (319) 60.4 5.7 8.8 318 
(C14H12N204) 62.0 4.4 10.2 (273) 61.8 4.4 10.3 272 
(C16H18N204) 63.8 5.9 9.2 (303) 63.6 6.0 9.3 302 
(C14H14N204) 61.1 5.1 10.0 (275) 61.3 5.2 10.2 274 
(C14H12N205) 58.3 4.3 9.7 (289) 58.3 4.2 9.7 288 
(C14H14N205) 58.1 4.9 9.6 (291) 57.9 4.9 9.7 290 
(C16H14N206) 58.5 4.2 8.5 (331) 58.2 4.3 8.5 330 
(C16H16N206) 58.1 4.9 8.5 (333) 57.8 4.9 8.4 332 
(C12H15N303) 57.9 6.1 16.9 249 57.8 6.1 16.9 249 
(C10H9N302) 59.0 4.5 20.5 (204) 59.1 4.5 20.7 203 
(C10H6CIN3) 59.1 3.0 20.8 (206) and(204) 59.0 3.0 20.8 203.5 
(C12H13N304) 55.0 5.1 15.9 263 54.8 5.0 16.0 263 
(C121-111N3 04) 54.9 4.2 16.1 261 55.2 4.2 16.1 261 
(C10H7N303) 55.0 3.4 19.1 217 55.3 3.3 19.4 217 
(C12H9N304) 55.5 3.5 15.9 (260) 55.6 3.5 16.2 259 
(C10H9N303) 54.5 4.3 19.2 (220) 54.8 4.1 19.2 219 
(C10H10N402) - - - 218.0810 - - - 218.0804 
(C10H10N40) 59.3 4.9 27.5 (203) 59.4 5.0 27.7 202 
(C10H8N402) - - - 217.0724 - - - 217.0726 
a, molecular ions detected by Electron Impact Mass Spectroscopy or, for values in parentheses, molecular ions detected either 
by Fast Atom Bombardment or Atmospheric Pressure Chemical lonisation or Electrospry Mass Spectroscopy. 
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CHAPTER 3 
INVESTIGATIONS ON THE SYNTHESIS 
AND REACTIVITY OF PYRIMIDOI514-cIQUINOLINE 
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3 Investigations on the Synthesis and Reactivity of Pyrimido 
15,4-ciguinoline and PyridoF3,2-clguinoline Derivatives 
As mentioned in the previous chapter of this thesis it was of interest to elaborate the 
functionalised quinolones which had been obtained during the current investigations 
to give tricyclic heterocycles. It was anticipated that the tricyclic molecules so 
prepared, might have the capability to bind to DNA in a manner which has been 
explained in Chapter 1 (see Section 1.7, page 32). Studies were therefore 
concentrated on the synthesis and further exploitation of derivatives of the 
pyrimido[5,4-c]quinoline and pyrido[3,2-c]quinoline ring systems examples of which 
have been reported only rarely in the literature. 111-113 We chose the readily 
accessible 4-aminoquinolone-3-carboxamide derivative (154) and its N-hydroxy 
analogue (160) as suitable precursors for the synthesis of pyrimido[5,4-c]quinoline 
derivatives and the readily accessible 4-aminoquinolone -ketoester derivative (148) 
and its N-hydroxy analogue (150) for the synthesis of the corresponding pyrido[3,2-
c]quinoline derivatives. 
3.1 Synthesis of Pyrimido[54-c]guinoline Derivatives 
Heteroannulation of the 4-aminoquinolone-3-carboxamide derivative (154) to give 
the pyrimido[5,4-c]quinoline ring system can be achieved in various ways. Heating 
(Scheme 41) a solution of the amino-amide (154) in formic acid resulted in the 
precipitation of a high melting, colourless solid in 84% yield whose formulation as 
the pyrimido[5,4-c]quinoline derivative (167a) is in agreement with its combustion 
analysis, ir, 1  H nmr and mass spectrum. The ir spectrum shows a broad absorption 
in the region 3200-3000 cm 1 attributable to NH functionality and a band at 1712 
cm 1 assignable to a carbonyl group while its 1 H nmr spectrum shows two broad, 
D20 exchangeable, one proton signals at 5H  12.73 and 11.68 assignable to two NH 
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protons, a one proton singlet at oH  8.45 assignable to the pyrimidine-H(2) proton 
and four aromatic protons all of which are in full agreement with the assigned 
structure (167a). As one would expect from its structure, which has the capability of 
forming a number of hydrogen bonds, the pyrimido[5,4-c]quinoline derivative (167a) 
showed a great affinity for solvents. Only after prolonged drying under elevated 
temperature was it possible to obtain a sample of the unsolvated compound which 
gave a satisfactory combustion analysis. This unsolvated sample was reanalysed 
after it had been kept for eight months in a closed sample vial at room temperature. 
The combustion analysis now showed that the substance had absorbed one mole of 
water, indicating that the pyrimidoquinoline derivative (167a) has a great affinity for 
solvents. The pyrimidoquinoline derivative (167a) precipitated from the reaction 
mixture as large colourless crystals of suitable quality for X-ray diffraction analysis 
(see Figure 14 and Tables 4 and 5) which conclusively established its structure as 
4,5-dioxo-3,4,5,6-tetahydropyrimido[5,4-c]quinOline (1 67a). The X-ray diffraction 
analysis also showed that it crystallised with one molecule of formic acid by forming 
a hydrogen bond between the carbonyl oxygen atom of the quinoline ring and the 
proton of formic acid, again indicating that the pyrimidoquinoline (167a) has a 
substantial affinity to solvents. 
The methyl substituted pyrimidoquinoline derivative (167b) was obtained by heating 
a suspension of the amino-amide (154) in acetic anhydride as a colourless, high 
melting solid in 80% yield. This product is formulated as the 2-methyl 
pyrimidoquinoline derivative (167b) on the basis of its combustion analysis and 
spectroscopic properties. Thus, the ir spectrum shows two bands at 3402 and 3121 
and two bands at 1748 and 1691 cm 1 assignable to two NH and two carbonyl 







X-Ray Diffraction Data for 45-Dioxo-3,4,5.6-tetahydropyrimidof54-clguinoline 
(167a) 
Table 4: Bond Lengths (Angstroms) with Standard Deviations 
N(1) - C(2) 1.292(5) N(6) - C(6A) 1.380(5) 
N(1) - C(IOB) 1.371 (5) C(6A) - C(7) 1.387(5) 
C(2) - N(3) 1.333(6) C(6A) - C(IOA) 1.409(6) 
N(3)-C(4) 1.391 (6) C(7)-C(8) 1.381 (6) 
C(4) - 0(4) 1.228(5) C(8) - C(9) 1.382(7) 
C(4) - C(4A) 1.439(6) C(9) - C(1 0) 1.367(7) 
C(4A) - C(10B) 1.398(5) C(10) - C(1OA) 1.404(6) 
C(4A) - C(5) 1.478(5) C(IOA) - C(IOB) 1.436(6) 
C(5) - 0(5) 1.233(5) C(IS) - 0(IS) 1.178(6) 
C(5) - N(6) 1.354(5) C(1S) - 0(2S) 1.292(5) 
Table 5: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(IOB) 116.5(3) N(6) - C(6A) - C(IOA) 118.8(4) 
N(1) - C(2) - N(3) 124.7(4) - C(6A) - C(1OA) 120.6(3) 
C(2) - N(3) - C(4) 123.8(4) - C(7) - C(6A) 120.1 (4) 
0(4) - C(4) - N(3) 119.4(4) C(7) - C(8) - C(9) 119.6(4) 
0(4) - C(4) - C(4A) 127.7(4) C(10) - C(9) - C(8) 121.2(3) 
N(3) - C(4) - C(4A) 112.8(3) - C(10) - C(IOA) 120.6(4) 
C(IOB) - C(4A) - C(4) 119.3(3) - C(IOA) - C(6A) 117.9(4) 
C(IOB) - C(4A) - C(5) 119.7(3) C(10) - C(IOA) - C(IOB) 123.9(4) 
- C(4A) - C(5) 121.0(3) C(6A) - C(IOA) - C(IOB) 118.2(3) 
0(5) - C(5) - N(6) 119.9(3) N(1) - C(IOB) - C(4A) 122.6(4) 
0(5) - C(5) - C(4A) 124.7(3) N(1) - C(10B) - C(IOA) 116.5(3) 
N(6) - C(5) - C(4A) 115.5(3) C(4A) - C(1 08) - C(1 OA) 120.9(4) 
- N(6) - C(6A) 126.6(4) 0(1S) - C(IS) - 0(2S) 125.3(4) 
N(6) - C(6A) - C(7) 120.6(4) 
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signals at 6H  12.61 and 11.55, four aromatic protons and a three proton singlet at 
oH 2.43 in full agreement with the assigned structure (167b). 
The heteroannulation of the amino-amide derivative (154) with functionalised acid 
chlorides was next investigated in an attempt to access the tricyclic system with 
synthetically useful substituents in the pyrimidine ring. 
Heating a suspension of the amino-amide (154) and two equivalents of phenylacetyl 
chloride in dioxane under reflux for twenty-four hours gave two solid products 
readily separable by their different solubility in dioxane. The dioxane insoluble 
product, isolated in 64% yield, was a colourless solid which is formulated as the ring 
closed 2-benzylpyrimidoquinolone derivative (167c) on the basis of its combustion 
analysis and spectroscopic properties. The dioxane soluble product, isolated in 27% 
yield, was identified as the open-chain acylation product (166c) on the basis of its 
combustion analysis and spectroscopic properties. 
Heteroannulation of the amino-amide (154) with ethyl malonyl chloride under the 
previously described conditions gave a complex mixture from which two solid 
products could be isolated in 5% and 18% yield whose formulation as the open-
chain acylation product (166e) and the ring closed pyrimidoquinolone derivative 
(167e), respectively are in full agreement with their analytical and spectroscopic 
data. 
In the reaction of the amino-amide (154) with chloro acetylchioride under standard 
conditions a salmon pink solid was obtained in essentially quantitative yield which 
has the open-chain chloro acetyl structure (1660 on the basis of its ir and 1 H nmr 
spectra. However, no appropriate molecular ion for the ring-opened product (1660 
was observed in its electron impact (El) mass spectra but instead only the 
molecular ion corresponding to the ring-closed derivative (168) was present. This is 
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probably due to the facile cyclisation of the ring-opened product (1660 under mass 
spectroscopic conditions The chloroacetyl derivative (1660 was converted to a 
beige solid, on crystallisation from dimethylformamide, whose formulation as the 
ring-closed chloromethylpyrimido-quinolone derivative (168) is in full agreement with 
its combustion analysis and spectroscopic properties. 
Heating a suspension of the amino-amide (154) in dioxane under reflux in the 
presence of two equivalents of benzoyl chloride resulted in the isolation of a 
colourless solid in 30% yield which has the benzoyl strucutre (1 66d) based on its ir, 
nmr and accurate mass spectra. The combustion analysis of this product 
showed that it crystallised as a hemihydrate and even after prolonged heating at 
120°C under high vacuum it was not possible to obtain the anhydrous compound. 
Also isolated in this reaction was unreacted amino-amide starting material (154) 
(41%) and benzoyl chloride (71%). The optimisation of this benzoylation was also 
investigated. It was pleasing to find that by increasing the reaction time from three 
hours to twenty-four hours the yield of the benzoyl derivative (1 66d) could be 
increased from 30% to 73%. However, also isolated in this reaction was unreacted 
amino-amide starting material (154) in 20% yield suggesting that by further 
increasing the reaction time it should be possible to further improve the yield of the 
reaction. In an alternative attempt to improve the efficiency of the reaction, 
benzoylation was carried out in the presence of pyridine. Under these conditions all 
of the starting material (154) was consumed after four hours at 100°C, and two 
products were formed. One product was the expected benzoyl derivative (166d) 
which was isolated in 50% yield. The other product, isolated in 43% yield, showed a 
band at 2216 cm in its ir spectrum suggesting the presence of a cyano group. 
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dehydration of the amino-amide (154), on the basis of its combustion analysis, 
accurate mass spectrum and the remainder of its spectroscopic properties. 
The reaction of the amino-amide (154) with ethoxalyl chloride was also investigated. 
Heating a suspension of the amino-amide (154) with two equivalents of ethoxalyl 
chloride in dioxane under reflux for twenty-four hours resulted in the isolation of a 
yellow solid in quantitative yield whose formulation as the ring closed 
pyrimidoquinolone ester derivative (167g) is in full agreement with its combustion 
analysis and ir, 1 H nmr and mass spectra. The pyrimidoquinolone ester derivative 
(167g) was converted into a yellow solid in 92% yield on treatment with 10% w/v 
aqueous sodium hydrogen carbonate solution followed by 2M aqueous hydrochloric 
acid. Crystallisation from acetic acid or from dimethylformamide reconverted the 
yellow solid into the pyrimidoquinolone ester derivative (167g). The yellow solid has 
been identified as the ring-opened hydrolysis product (169) on the basis of its 
combustion analysis and ir spectra. However, no appropriate molecular ion for the 
ring-opened product (169) was observed in either its fast atom bombardment (FAB) 
or atmospheric pressure chemical ionisation (APCI) mass spectra but instead only 
the molecular ion corresponding to the ring-closed derivative (167g) was present. 
Further heteroannulation reactions (Scheme 42) of the amino-amide derivative 
(154) were also investigated. Heating a solution of the amino-amide (154) with an 
excess of diethyl carbonate in ethanolic sodium ethoxide for five hours under reflux 
gave after acidic work-up a cream solid in 89% yield whose formulation as the trioxo 
derivative (171) is in agreement with its ir, 1 H nmr and accurate mass spectra. The 
ir spectrum shows two bands at 3517 and 3464 cm -1 and a brought band at 3181 
cm 1 attributable to N-H functionality and three distinct carbonyl stretching 
frequencies at 1742, 1720 and 1702 cm -1 . The 1 H nmr spectrum shows three D20 
23.6 
exchangeable one proton singlets and four aromatic protons all of which data is in 
full agreement with the assigned structure (171). The combustion analysis showed 
that the tnoxo derivative (171) crystallised as a hydrate and even after prolonged 
heating under vacuum and elevated temperature it was not possible to obtain the 
anhydrous compound. The trioxo derivative (171) has been reported by Haede. 135 
However, no spectroscopic data was reported 135 for this compound and it was 
shown 135 to co-crystallise with 1.3% of water as determined by the Karl-Fischer 
method. Also isolated in the reaction of the amino-amide (154) with diethyl 
carbonate was a small amount (6%) of unreacted amino-amide starting material 
(154). By a slight increase in the excess of the diethyl carbonate and the sodium 
ethoxide reagents and of the reaction time from five to six hours it was possible to 
increase the yield of the trioxopyrimidoquinoline derivative (171) to 96%. 
Attempted synthesis of the thiocarbonyl derivative (172) by reacting the amino-
amide compound (154) with thiophosgene under standard conditions resulted only 
in the isolation of unreacted starting material in 83% yield. The attempted synthesis 
of the 2-aminopyrimidoquinolone derivative (173a), by reacting the amino-amide 
compound (154) with cyanogen bromide in acetic acid, was not successful, 90% of 
unreacted starting material (154) being recovered. 
The synthesis of the 2-(N-phenylamino)pyrimidoquinolone derivative (173b) was 
also attempted by treating a solution of the amino-amide (154) with 
phertylisocyanate in dimethylformamide at room temperature fortwenty-four hours 
or at 100°C for three hours. In both cases only unreacted starting material (154) 
was recovered in 100% and 80% yield respectively. 
The chlorination of the dioxopyrimidoquinoline derivative (167a) and the trioxo 
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chlorinated compounds (174). and (175), which could then be further exploited. 
Chlorination (Scheme 43) of the dioxopyrimidoquinoline derivative (167a) with a 
mixture of phosphorus oxychloride and N,N-dimethylaniline gave a pale yellow solid 
in 76% yield whose structure was shown to be the dichloro derivative (174) based 
on its combustion analysis and ii, 1 H and 13C nmr, and mass spectra. The dichloro 
derivative (174) crystallised as large tablet shaped crystals which were of suitable 
quality for single crystal X-ray diffraction analysis (see Figure 15 and Tables 6 and 
7). The structure so elucidated shows that the fully aromatic tricyclic heterocycle is 
distorted out of planarity an effect which is probably due to the steric crowding of 
the two peri positioned chlorine atoms. 
Chlorination of the trioxopyrimidoquinoline derivative (171) was next investigated. 
Thus, treatment of the trioxo derivative (171) with a mixture of phosphorus 
oxychloride and N,N-dimethylaniline gave a colourless solid in 43% yield whose 
formulation as the trichloropyrimidoquinoline derivative (175) is based on its 
combustion analysis and spectroscopic properties. Also isolated in this reaction was 
a second colourless solid in 22% yield. The mass spectrum of this compound 
indicates that only one chlorine atom has been incorporated into the molecule. The 
ir spectrum of the compound shows two distinct carbonyl stretching frequencies at 
1714 and 1680 cm and a broad absorption at 3200-2900 cm 1 attributable to N-H 
functionality. The compound is formulated as a mono-chloro derivative (177) or 
(178) or (179) on the basis of its combustion analysis and its remaining 
spectroscopic properties. The 1 H nmr spectrum shows only two one proton singlets 
at oH  11.99 and 11.73 assignable to two N-H protons together, with four aromatic 
protons. Due to precipitation of the compound on addition of deuterium oxide to its 
solution in perdeutereated dimethyl sulfoxide it was not possible to carry out an 







X-Ray Diffraction Data for 45-Dichloropyrimido15,4-c1guinoIine (174) 
Table 6: Bond Lengths (Angstroms) with Standard Deviations 
N(1)-C(2) 1.311(4) C(5)-Cl(5) 1.741 (3) 
N(1) - C(IOB) 1.351(3) N(6) - C(6A) 1.383(3) 
C(2) - N(3) 1.351(4) C(6A) - C(10A) 1.397(4) 
N(3) - C(4) 1.307(4) C(6A) - C(7) 1.415(4) 
C(4) - C(4A) 1.420(3) C(7) - C(8) 1.364(4) 
C(4) - Cl(4) 1.728(3) C(8) - C(9) 1.396(4) 
C(4A) - C(IOB) 1.419(3) C(9) - C(10) 1.373(4) 
C(4A) - C(5) 1.442(4) C(10) - C(IOA) 1.407(4) 
C(5) - N(6) 1.279(4) C(IOA) - C(IOB) 1.445(3) 
Table 7: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(IOB) 116.1 (2) N(6) - C(6A) - C(IOA) 122.5(2) 
N(1) - C(2) - N(3) 126.7(3) N(6) - C(6A) - C(7) 117.8(2) 
C(4) - N(3) - C(2) 117.0(2) C(IOA) - C(6A) - C(7) 119.7(2) 
N(3) - C(4) - C(4A) 123.5(2) C(8) - C(7) - C(6A) 119.3(3) 
N(3)-C(4)-Cl(4) 112.9(2) C(7) - C(8) - C(9) 121.1 (3) 
C(4A) - C(4) - Cl(4) 123.6(2) C(10) - C(9) - C(8) 120.5(3) 
C(1OB) - C(4A) - C(4) 1231.6(2) C(9) - C(10) - C(IOA) 119.5(3) 
C(1 OB) - C(4A) - C(5) 115.9(2) C(6A) - C(1 OA) - C(1 0) 119.9(2) 
C(4) - C(4A) - C(5) 130.7(2) C(6A) - C(1OA) - C(1OB) 117.6(2) 
N(6) - C(S) - C(4A) 125.4(2) C(10) - C(IOA) - C(1OB) 122.5(2) 
N(6) - C(5) - Cl(5) 113.4(2) N(1) - C(IOB) - C(4A) 123.3(2) 
C(4A) - C(5) - Cl(5) 121.2(2) N(1) - C(IOB) - C(IOA) 117.4(2) 
C(5) - N(6) - C(6A) 119.2(2) C(4A) - C(IOB) - C(1OA) 119.4(2) 
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shows the presence of only a single isomer, either (177) or (178) or (179) but at the 
present time it is not known which isomer was obtained. 
Repetition of the chlorination of the trioxopyrimidoquinoline derivative (171) under 
exactly the same conditions resulted in the isolation of the trichloro derivative (175) 
in 28% yield instead of the previously obtained 43%. In this reaction none of the 
previously obtained monochiorinated derivative (177) or (178) or (179) was isolated 
but instead a new product was obtained in 30% yield. This new product has been 
identified as a dichIoroN,N.methylphenylaflhinOpyrimidoqUiflOIine (176) on the basis 
of its combustion analysis and spectroscopic properties. However, at the moment it 
is not known which isomer (176) has been formed or the nature of its mode of 
formation. A possible explanation for the formation of an N,N-methylphenylamino 
derivative (176) may be nucleophilic substitution of the initially formed trichloro 
derivative (175) by N-methylaniline which may be present in the reaction mixture as 
an impurity in N,N-dimethylaniline. However, this seems unlikely since in both 
chlorination reactions of the trioxopyrimidoquinoline derivative (171) the same 
quality of N,N-dimethylaniline was used and in the first reaction there was no 
evidence for the formation of an N,N-methylphenylaminO derivative (176). It seems 
therefore likely that the derivative (176) is formed by reaction of the 
trichloropyrimidoquinoline (175) with N,N-dimethylaniline to give an amine salt which 
then suffers demethylation. 
In an attempt to improve the chlorination reaction of the trioxopyrimidoquinoline 
(171) it was carried out in excess of phosphorus oxychloride as solvent and reactant 
in order to exclude any possible interaction with N,N-dimethylaniline. However, 
under these conditions the trichloro derivative (175) was isolated in only 27% yield 
together with 10% of the previously obtained mono-chloro derivative (177) or (178) 
or (179) and 27% of the trioxopyrimidoquinoline starting material (171). 
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In a further attempt to optimise the chlorination reaction it was carried out using a 
mixture of phosphorus oxychloride and N,N-diethylaniline instead of N,N-
dimethylaniline in the hope that N,N-diethylaniline would not interfere in the reaction. 
Under these conditions the trichloropyrimidoquinoline (175) was isolated in only 
37% yield. The remainder of the material isolated from this reaction consisted of a 
series of complex solids from which no identifiable material could be obtained. Due 
to time limitations no further investigation into the optimisation of the chlorination 
reaction of the trioxopyrimidoquinoline (171) was undertaken. The synthetic 
exploitation of the dichloro and trichloro derivatives (174) and (175), which are 
stable crystalline compounds and can be stored in a refrigerator for extended 
periods of time without decomposition, will be discussed in Chapter 4 of this thesis. 
Heteroannulation (Scheme 44) of the N-hydroxy-4-amino-3-carbamoyl quinolone 
derivative (160) under the previously described conditions for the heteroannulation 
of its N-H analogue (154) was next investigated. Heating a solution of the N-hydroxy 
amino-amide derivative (160) in formic acid under reflux resulted in the precipitation 
of a highly insoluble cream solid in almost quantitative yield (97%). The structure of 
this compound, as the expected N-hydroxy pyrimidoquinolone derivative (180), is in 
agreement with its ii, 1 H nmr and accurate mass spectra. The ir spectrum shows a 
broad band at 3091 cm -1 attributable to OH and/or NH functionality and a band at 
1705 cm attributable to a carbonyl group, while its 1 H nmr spectrum shows two 
broad D20 exchangeable one proton singlets at SH  12.76 and 11.32 assignable to 
OH and NH functionality, a one proton singlet at 6H  8.45 due to a pyrimidine-H(2) 
proton and four aromatic protons all of which are in full agreement with its assigned 
structure. The combustion analysis of the product (180) showed that it crystallised 
as a hemihydrate indicating, as in the case of its N-H analogue (167a), that 
compounds of this type have a great affinity for solvents. 
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Brief warming of a mixture of the N-hydroxy amino-amide derivative (160) in acetic 
anhydride gave the N-acetoxy amino-amide derivative (181) as a colourless solid in 
excellent yield (98%). The structure of this compound (181) is in agreement with its 
combustion analysis and ir, 1 H nmr and accurate mass spectra. The ir spectrum in 
particular shows a band at 1796 cm 1 typical 126 of an N-acetoxy substituent. 
If, on the other hand, a solution of the N-hydroxy amino-amide derivative (160) in 
acetic anhydride is heated under reflux the angular tricyclic N-acetoxy-2-
methylpyrimidoquinolone derivative (183) is obtained in 67% yield. This compound 
gave a combustion analysis and showed spectroscopic properties which are in full 
agreement with its assigned structure (183). Also isolated from this reaction was a 
small amount of a beige solid (20%) which is formulated as the N-hydroxy-2-
methylpyrimidoquinolone (182) on the basis of its accurate mass spectra. 
The synthesis of the N-hydroxytrioxopyrimidoquinoline derivative (184) under the 
conditions described previously for the synthesis of its NH analogue (171) was also 
examined. Thus, heating a mixture of the N-hydroxy amino-amide derivative (160) 
with an excess of diethyl carbonate in ethanolic sodium ethoxide for five hours 
under reflux gave, after acidic work up, the N-hydroxytrioxopyrimidoquinoline 
derivative (184) as a pale yellow solid in 76% yield. The structure of this compound 
is in full agreement with its ir, 1 H and 13C nmr and accurate mass spectra. The 
combustion analysis showed that even after prolonged heating under elevated 
temperature the compound retained half a mole of water. Also isolated in this 
reaction was a small amount (10%) of unreacted starting material (160). As in the 
synthesis of the trioxopyrimidoquinoline analogue (171) it was possible to increase 
the yield of the N-hydroxy derivative (184) from 76% to 90% by increasing the 
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The structure (Scheme 45) of the N-hydroxydioxopyrimidoquif101ifle derivative (180) 
was also confirmed by acetylation. Thus, heating a suspension of the N-
hydroxydioxopyrimidoquifloline derivative (180) in acetic anhydride under reflux 
gave the N-acetoxy derivative (185) as a yellow solid in 93% yield. This structure is 
in full agreement with the product's combustion analysis and spectroscopic data. 
The ir spectrum of the product (185) shows a broad absorption at 3133 cm 1 
attributable to N-H functionality and three distinct carbonyl stretching frequencies at 
1798, 1732 and 1667 cm 1 with the band at 1798 cm -1 being typical 126 of an N-
acetoxy substituent. 
In an attempt to furictionalise the aromatic ring it was deemed worthwhile to 
investigate the chlorination of the N-hydroxydioxopyrimidoquif101ine derivative (180) 
with phosphorus oxychloride in the presence of N,N-dimethylaniline. Under these 
conditions it should be possible to chlorinate both lactam groups and the para or 
ortho position (with respect to the quinoline ring nitrogen atom) of the aromatic ring 
by employing the N-hydroxy substituent as a leaving group. In practice chlorination 
of the N-hydroxy compound (180) gave only a complex mixture of products. 
However, it was possible to isolate a small amount of 4,5,9-trichloropyrimido[5,4-c]-
quinoline (186) as a colourless solid (7%). The structure of this compound was 
deduced from its combustion analysis and its ir, 1 H nmr and mass spectra. The 1 
nmr spectrum shows only three aromatic protons at SH  9.00 (J 21-1z), 8H  8.04 (J 9 
Hz) and 8H  7.89 (J 9 and 2Hz) in full agreement with the proposed structure (186). 
The isolation of this compound shows that, in principle, it is possible to chlorinate 
and functionalise the aromatic ring of the N-hydroxydioxopyrimidoquinoline 
derivative (180) in one step. However, due to time limitations it was not possible to 
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The structure of the N-hydroxytrioxopyrimidoquinoline derivative (184) was also 
confirmed by its acetylation. Mild acetylation with acetic anhydride resulted in the 
isolation of cream solid shown to be mainly unreacted starting material by ir. Further 
heating of this solid in acetic anhydride under reflux for half an hour resulted in the 
isolation of a cream solid in 39% yield whose formulation as the N-acetoxy 
derivative (187) is in agreement with its combustion analysis and spectroscopic 
data. The ir spectrum, in particular, shows a band at 1805 cm 1 typical 126 of an N-
acetoxy substituent supporting its assigned structure (187). The remainder of the 
material isolated from this reaction consisted of an intractable cream solid from 
which no identifiable products could be obtained. The yield of the N-acetoxy 
derivative (187) could be increased from 39% to 65% by heating a suspension of 
the N-hydroxy compound (184) in acetic anhydride under reflux for three hours 
instead of half an hour. 
3.2 Synthesis of Pyrido[312-ciciuinoline Derivatives 
The syntheses of the tricyclic pyrido[3,2-c]quinoline derivative (188) and of its N-
hydroxy analogue (189) were now examined. These compounds can be obtained in 
excellent yield by either base or acid catalysed intramolecular ring-closure of the 
aminoquinolone 13-ketoester derivative (148) and of its N-hydroxy derivative (150) 
respectively. 
Base catalysed (Scheme 46) intramolecular ring closure of the 4-aminoquinolone 13-
ketoester derivative (148) was accomplished by refluxing a suspension in ethanolic 
sodium ethoxide. This gave, after acidic work up, the pyridoquinolone derivative 
(188) as a colourless solid in 98% yield. This structure was verified by the product's 
ir, 1 H nmr and accurate mass spectra. The ir spectrum shows a very broad 
absorption in the region 3300-2400 cm 1 attributable to NH and OH groups and two 
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distinct carbonyl bands at 1683 and 1653 cm 1 attributable to the two lactam 
moieties. The "H nmr spectrum shows a one proton singlet at oH  13.58 and two 
broad one proton singlets at 0H  12.48 and 12.06 assignable to NH and OH 
functionality, four aromatic protons and a broad one proton singlet at 0H  5.67, 
assignable to the pyridine-H(3) proton, in full agreement with its assigned structure 
(188). Unfortunately, due to the highly insoluble nature of this compound it was not 
possible to perform a D20 exchange experiment. The pyridoquinolone derivative 
(188) analysed as a hemihydrate and even after prolonged heating under elevated 
temperature it was not possible to obtain a satisfactory combustion analysis for the 
unsolvated compound. 
The acid catalysed intramolecular cyclisation of the 4-aminoquinolone 3-ketoester 
derivative (148) was accomplished by refluxing its solution in acetic acid. Filtration 
of the solid which precipitated on cooling gave the cyclic pyridoquinolone derivative 
(188) in excellent yield (97%). 
The base or acid catalysed intramolecular cyclisation of the N-hydroxy-4-amino-
quinolone 3-ketoester derivative (150) was accomplished under the same 
conditions as for its N-H analogue (148). Thus, heating a suspension of the N-
hydroxy derivative (150) in ethanolic sodium ethoxide under reflux gave, after acidic 
work up, a colourless solid in 92% yield whose structure as the N-
hydroxypyridoquinolone derivative (189), is in full agreement with its combustion 
analysis and spectroscopic data. 
Acid catalysed intramolecular cyclisation of the N-hydroxy compound (150) was 
accomplished by refluxing its solution in acetic acid, these conditions giving the N-
hydroxypyridoquinolone derivative (189) in 96% yield. 
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The structure of the N-hydroxypyridoquinolone derivative (189) was also confirmed 
by its acetylation to give the triacetyl derivative (190) which can be hydrolysed to 
regenerate the N-hydroxypyridoquinolone derivative (189), both reactions occuring 
in excellent yield. Thus, heating a suspension of the N-hydroxypyridoquinolone 
derivative (189) in acetic anhydride under reflux gave a colourless solid in 92% yield 
whose 1 H nmr spectrum shows the presence of three acetyl groups, whilst its ir 
spectrum shows an absorption band 126 at 1792 cm 1 typical for an N-acetoxy 
group. These features are in full agreement with the triacetyl structure (190) which 
is also supported by its combustion analysis. The triacetyl derivative (190) is 
deacetylated by heating it in aqueous sodium hydroxide under reflux followed by 
acid work up giving the parent N-hydroxypyridoquinolone derivative (189) in 
quantitative yield, thus demonstrating that no rearranged products are formed 
during the forcing acetylation of the N-hydroxypyridoquinolone derivative (189). 
Attempted hydrogenolysis of the N-acetoxy derivative (190) over palladium-on-
charcoal at four atmospheres in dimethylformamide resulted in the isolation of only 
unreacted starting material in 86% yield. 
Chlorination (Scheme 47) of the pyridoquinolone derivative (188) under standard 
conditions gave the trichloro compound (191) as a beige solid in excellent yield 
(83%). The structure of the trichloro product (191) is supported by its combustion 
analysis and spectroscopic data. The further exploitation of this synthetically useful 
compound (191) which contains three reactive chloro substituents will be discussed 
in Chapter 4 of this thesis. 
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3.3 Experimental 
General Experimental Details 
For general experimental details see Chapter 2, Section 2.4, pages 131-1 32. 
Elemental Analyses and Mass Spectroscopic Data 
Elemental analyses and mass spectroscopic data are collected in Table 8; Pages 
279-280. 
45-Dioxo-3,4,5,6-terahydropyrimido[5,4-c1puinoline (1 67a) 
A solution of the aminoquinolinone carboxamide (154) (28.5g; 0.14mol) in 98-100% 
formic acid (350m1) was stirred and heated under reflux for 24h. 
The resulting suspension was cooled to room temperature and the yellow solid 
collected to afford 4,5-dioxo-3,4,5,6-terahydropyrimido[5,4-c]quinoline (1 67a) (25.2g; 
84%) which formed cream microcrystals, mp >360°C (from dimethyl sulfoxide), 
vmax 3200-3000 (NH), 1712 (C=O) and 1614 (C=N) cm1, 6H  [(CD3)2S=01 12.73 
(IH, bs, NH) (exch), 11.68 (IH, bs, NH) (exch), 8.45 (1H, s, pyrimidineH), 8.41-8.36 
(1H, m, ArH), 7.68-7.59 (IH, m, ArH) and 7.30-7.21 (2H, m, ArH), whose structure 
was confirmed by X-ray analysis (see Figure 14 and Tables 4 and 5, p  231). 
4,5-Dioxo-2-methyl-3,4,5,6-terahydropyrimidoF5,4-clpuinoline (1 67b) 
A suspension of the aminoquinolinone carboxamide (154) (28.5g; 0.14mol) in acetic 
anhydride (10.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 3h. 
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The insoluble solid was collected by hot-filtration to afford 4,5-dioxo-2-methyl- 
3,4,5,6-terahydropyrimido[5,4-c]quinoline (1 67b) (0.36g; 80%) which formed cream 
microcrystals, mp >345°C (from dimethylformamide), vmax  3402 and 3121 (NH), 
1748 and 1691 (C=O) and 1613 (C=N) cm1, 8H  [(CD3)2S=0] 12.61 (1H, bs, NH) 
(exch), 11.55 (IH, s, NH2) (exch), 8.40-8.35 (1H, m, ArH), 7.65-7.56 (1H, m, ArH), 
7.29-7.18 (2H, m, ArH) and 2.43 (3H, s, CH3). 
The Reactions of 4-Amino-I 2-dihydro-2-oxopuinoline-3-carboxamide (154) with 
Acid Chlorides 
A stirred suspension of the aminoquinolinone carboxamide (154) (0.81g; 0.004mol) 
in anhydrous 1 ,4-dioxane (55.Oml) was treated at room temperature with a solution 
of the appropriate acid chloride (0.008mol) in anhydrous I ,4-dioxane (5.Oml) and the 
mixture was then stirred and heated under reflux with the exclusion of atmospheric 
moisture for 24h. 
(i) The mixture from phenylacetyl chloride was hot-filtered to afford 2-benzyl-4,5-
dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (167c) (0.78g; 64%) which formed 
colourless microcrystals, mp >335°C (from dimethyl sulfoxide-toluene), vmax 3000 
2500 (NH), and 1705 (C=O) cm 1 , SH  [(CD3)2S0] 12.90 (1H, bs, NH), 11.59 (1H, 
s, NH), 8.36-8.31 (1H, m, ArH), 7.65-7.18 (8H, m, ArH) and 4.00 (2H, s, CH2). 
The dioxane mother liquor was rotary evaporation and the residue washed with 
anhydrous diethyl ether to afford I ,2-dihydro-2-oxo-4-phenylacetylaminoquinoline-3-
carboxamide (166c) (0.35g; 27%) which formed colourless microcrystals, mp 312°C 
(decomp) (from acetic acid-water), vmax  3363 and 3200 (NH), 1730 and 1715 
(C=O) and 1630 (C=N) cm1, 6H  [(CD3)2S=0] 13.57 (1H, s, NH) (exch), 11.49 (1H, 
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s, NH) (exch), 10.40 (IH, bs, NH) (exch), 8.73 (IH, bs, NH) (exch), 8.20 (11-1, d, J 
8.1, ArH), 7.67-7.59 (IH, m, ArH), 7.37-7.21 (7H, m, ArH) and 4.08 (21-1, s, CH2). 
(ii) The mixture from ethyl malonyl chloride was hot-filtered to give an intractable 
orange solid (0.38g), mp >360°C, from which no identifiable material could be 
obtained. 
The dioxane mother liquor was rotary evaporation and the semisolid residue washed 
with anhydrous diethyl ether to give a yellow solid (0.86g) which was treated with 
10% w/v aqueous sodium hydrogen carbonate solution (10.Oml) and extracted with 
dichloromethane (3x20.Oml) to give an orange gum (0.79g) which was flash-
chromatographed over silica. 
Elution with dichloromethane-methanol (95:5) afforded 4-ethoxycarbonylacetyl- 
amino-I ,2-dihydro-2-oxoquinoline-3-carboxamide (1 66e) (0.062g; 5%) which formed 
pale yellow microcrystals, mp 216-218°C (decomp, gas evolution) (from ethanol), 
vmax 3410 and 3202 (NH), 1704 and 1662 (C0) and 1627 (C=N) cm1, 6H 
[(CD3)2S0] 13.62 (1H, s, NH) (exch), 11.54 (IH, s, NH) (exch), 10.25 (IH, s, NH) 
(exch), 8.81 (IH, s, NH) (exch), 8.23-8.19 (IH, m, ArH), 7.68-7.60 (11-1, m, ArH), 
7.33-7.21 (2H, m, ArH), 4.11 (21-1, q, J 7.1, CH2), 3.83 (2H, 5, CH2) and 1.18 (3H, t, 
J 7.1, CH3). 
Elution with dichloromethane-methanol (9:1) afforded 4-ethoxycarbonylmethyl-4, 5- 
dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (1 67e) (0.22g; 18%) which formed 
beige microcrystals, mp >335°C (from dimethylformamide-water), vmax 3200-2800 
(NH), 1724 and 1694 (C=O) cm1, 8H  [(CD3)2S=0] 12.28 (IH, s, NH) (exch), 11.85 
(1H, s, NH) (exch), 8.36-8.31 (11-1, m, ArH), 7.68-7.58 (IH, m, ArH), 7.32-7.21 (21-1, 
m, ArH), 4.17 (2H, q, J 7.1, CH2), 3.85 (2H, s, CH2) and 1.22 (31-1, t, J 7.1, CH3). 
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The mixture from chloroacetyl chloride was rotary evaporation to afford 4-
chloroacetylamino-1 ,2-dihydro-2-oxoquinoline-3-carboxamide (1660 as a salmon 
pink solid (1.1g; 100%), mp >360°C, vmax 3380, 3195 and 3100-2400 (NH), 1717 
(C0), and 1633 (C=N) cm, 6H  [(CD3)2S0] 13.79 (1H, s, NH) (exch), 11.52 (IH, 
s, NH) (exch), 10.27 (11-1, s, NH) (exch), 8.79 (IH, bs, NH) (exch), 8.39 (1H, d, J 8.1, 
ArH), 8.19 (1H, d, J 8.1, ArH), 7.68-7.60 (2H, m, ArH) and 4.62 (21-1, s, CH2), which 
on crystallisation from dimethylformamide was converted to 2-chloromethyl-4,5- 
dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (168) which formed beige 
microcrystals, mp>335°C, vmax  3100-2400 (NH), 1719 (C=O) and 1611 (C=N) 
cm1, 6H  [(CD3)2S=0] 13.03 (1H, s, NH), 11.72 (IH, s, NH), 8.41-8.37 (IH, m, 
ArH), 7.74-7.61 (1H, m, ArH), 7.32-7.28 (2H, m, ArH) and 4.61 (2H, s, CH2). 
The mixture from ethoxalyl chloride was hot-filtered to give a yellow solid which 
was combined with a second crop, obtained by rotary evaporation of the dioxane 
mother liquor and washing of the semisolid residue with anhydrous diethyl ether, to 
afford 4,5-dioxo-2-ethoxycarbonyl-3,4,5,6-tetrahydropyrimido[5,4-c]-quinoline (1 67g) 
(total I .lg; 100%) which formed yellow microcrystals, mp 280-282°C (decomp, gas 
evolution) (from acetic acid), vmax  3200-2500 (NH) and 1705 (C=O) cm1, SH 
[(CD3)2S=0] 13.90-11.50 (2H, bs, NH), 8.39-8.34 (1H, m, ArH), 7.74-7.63 (11-1, m, 
ArH), 7.36-7.27 (2H, m, ArH), 4.41 (2H, q, J 7.1, CH2) and 1.37 (3H, t, J 7.1, CH3). 
Rotary evaporation of the ethereal mother liquor gave impure ethyl oxalyl chloride 
(0.23g; 21%) identified by comparison (ir spectrum) with an authentic sample. 
A suspension of 4, 5-dioxo-2-ethoxycarbonyl-3,4, 5,6-tetrahydropyrimido[5,4-c]- 
quinoline (167g) (1.1g; 0.004mol) in 10% w/v aqueous sodium hydrogen carbonate 
solution (55.Oml) was stirred at room temperature for 0.5h. The solid was collected 
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by filtration to give a yellow solid (1.5g), mp >360°C, which was treated with 2M 
aqueous hydrochloric acid (55.Oml) to give a yellow suspension. Collection of the 
yellow solid afforded 1 ,2-dihydro-2-oxo-4-(2-oxoethoxycarbonylmethylamino)-
quinoline-3-carboxamide (169) (1.1g; 92%) which formed pale yellow microcrystals, 
mp 262-266°C (decomp, gas evolution) (from ethyl acetate-dimethyl sulfoxide), 
vmax 3493, 3354, 3253 and 3100-2500 (NH), 1706 and 1685 (C=O) and 1617 
(C=N) cm 1 , which on crystallisation from acetic acid or dimethylformamide-water 
was converted into 4,5-dioxo-2-ethoxycarbonyl-3,4,5,6-tetrahydropyrimido[5,4-c]-
quinoline (167g). 
4-Benzoylamino-1 ,2-dihydro-2-oxopuinoline-3-carboxamide (1 66d) 
(a) A stirred suspension of 4-amino-1 ,2-dihydro-2-oxoquinoline-3-carboxamide (154) 
(0.41g; 0.002mol) in anhydrous 1,4-dioxane (15.Oml) was treated at room 
temperature with a solution of benzoyl chloride (0.56g; 0.004mol) in anhydrous 1,4-
dioxane (5.Oml) and the resulting suspension was then stirred and heated under 
reflux with the exclusion of atmospheric moisture for 3h. 
The insoluble solid was collected by hot-filtration to give unreacted 
aminoquinolinone carboxamide (154) as a cream solid (0.19g; 41%), mp 327-329°C 
(decomp, gas evolution), identified by comparison (mp and ir spectrum) with a 
sample prepared before. 
The dioxane mother liquor was rotary evaporation and the solid residue washed with 
anhydrous diethyl ether to afford 4-benzoylamino-1 ,2-dihydro-2-oxoquinoline-3-
carboxamide (166d) (0.18g; 30%), which formed cream microcrystals, mp >330°C, 
(from acetic acid-water), vmax  3364 br and 3195 br (NH) and 1716 and 1701 (C0) 
cm1, 6H  [(CD3)2S=0] 14.67 (IH, s, NH), 11.52 (1, s, NH), 10.51 (1H, s, NH), 8.75 
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(1H, s, NH), 8.22 (IH, d, J 8.1, ArH), 8.00-7.95 (2H, m, ArH), 7.71-7.54 (4H, m, ArH) 
and 7.36-7.24 (2H, m, ArH). 
(b) A stirred suspension of the aminoquinolinone carboxamide (154) (0.81g; 
0.004mol) in anhydrous 1 ,4-dioxane (55.Oml) was treated at room temperature with 
a solution of benzoyl chloride (1.1 g; 0.008mol) in anhydrous I ,4-dioxane (5.Oml) and 
the resulting suspension was then stirred and heated under reflux with the exclusion 
of atmospheric moisture for 24h. 
The insoluble solid was collected by hot-filtration to give unreacted 
aminoquinolinone carboxamide (154) as a cream solid (0.16g; 20%), mp 330-332°C 
(decomp, gas evolution), identified by comparison (mp and ir spectrum) with a 
sample prepared before. 
The dioxane mother liquor was rotary evaporation and the solid residue washed with 
anhydrous diethyl ether to afford 4-benzoylamino-1 ,2-dihydro-2-oxoquinoline-3- 
carboxamide (166d) as a cream solid (0.90g; 73%), mp >330°C, identified by 
comparison (mp and ir and 1  H nmr spectra) with a sample prepared before. 
(C) A stirred suspension of the aminoquinolinone carboxamide (154) (0.41g; 
0.002mol) in pyridine (10.Oml) was treated at room temperature with benzoyl 
chloride (0.28g; 0.002mol) and the resulting solution was then stirred and heated.at 
100°C with the exclusion of atmospheric moisture for 4h. 
The resulting orange brown solution was cooled to room temperature and poured on 
2M aqueous hydrochloric acid (80.Oml) and the mixture was then stirred at room 
temperature for 1 h. The precipitated solid was collected and treated with 10% w/v 
aqueous sodium hydrogen carbonate solution (10.0ml) to afford impure 4-
benzoylamino-1 ,2-dihydro-2-oxoquinoline-3-carboxamide (166d) as a cream solid 
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(0.29g; 50%), mp 305-335°C (decomp, gas evoltution), identified by comparison (ir 
spectrum) with a sample prepared before. 
The original acidic mother liquor precipitated a solid which was collected by filtration 
to afford 4-amino-3-cyano-1,2-dihydro-2-oxoquinoline (170) (0.16g; 43%), which 
formed colourless microcrystals, mp 322-324°C (decomp, gas evolution) (from 
acetic acid), vmax  3379, 3323 and 3222 br (NH), 2216 (CN) and 1683 w (C=O) 
cm 1 , oH  [(CD3)2S=0] 11.24 (IH, 5, NH) (exch), 8.14-8.10 (1H, m, ArH), 7.88 (21-1, 
s, NH2) (exch), 7.61-7.58 (IH, m, ArH) and 7.24-7.12 (21-1, m, ArH). 
1 ,2,3.4,5,6-Hexahydro-2,4,5-trioxopyrimidoF54-c1guinoline (171) 
(a) The aminoquinolinone carboxamide (154) (0.41g; 0.002mol) was added to a 
solution of sodium (0.23g; 0.01gatom) in anhydrous ethanol (15.Oml) followed by 
diethyl carbonate (0.94g; 0.008mol). The resulting solution was then stirred and 
heated under reflux with the exclusion of atmospheric moisture for 5h. 
The precipitated solid was suspended in water (10.Oml) and acidified with 2M 
aqueous hydrochloric acid and the colourless suspension was stirred at room 
temperature for lh. The insoluble solid was then collected to afford 1,2,3,4,5,6-
hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline (171) (0.41 g; 89%) which formed 
cream microcrystals, mp >340°C (from dimethyl sulfoxide-water), vmax  3517, 3464 
and 3181 br (NH), 1742, 1720 and 1702 (C=O) and 1644 (C=N) cm1, 0H 
[(CD3)2S0] 11.58 (IH, s, NH) (exch), 11.53 (IH, s, NH) (exch), 11.31 (11-1, s, NH) 
(exch), 8.40 (IH, d, J 9.1, ArH), 7.68-7.60 (IH, m, ArH) and 7.30-7.16 (2H, m, ArH). 
The ethanolic mother liquor was rotary evaporated and the residue treated with 
water (5.Oml) to give a cream suspension which was acidified with 2M aqueous 
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hydrochloric acid and stirred at room temperature for lh. Filtration gave unreacted 
starting material (154) as a cream solid (0.03g; 6%), 331-332°C, identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
(b) The aminoquinolinone carboxamide (154) (4.1g; 0.02mol) was added to a 
solution of sodium (2.8g; 0.12gatom) in anhydrous ethanol (150m1) followed by 
diethyl carbonate (11 .8g; 0.1 mol). The resulting solution was then stirred and heated 
under reflux with the exclusion of atmospheric moisture for 6h. 
The resulting suspension was cooled to room temperature, the insoluble solid was 
collected and treated with water (50.Oml) and the cream suspension acidified with 
2M aqueous hydrochloric acid. The resulting colourless suspension was then stirred 
at room temperature for lh then filtered to afford 1,2,3,4,5,6-hexahydro-2,4,5-
trioxopyrimido[5,4-c]quinoline (171) as a cream solid (4.4g; 96%), mp >360°C, 
identified by comparison (mp and ir spectrum) with a sample prepared in (a) before. 
The Attempted Reaction of 4-Amino-I ,2-dihydro-2-oxociuinoline-3-carboxamide 
(154) with Thiophosqene in Acetic Acid in the Presence of Hydrochloric Acid 
A stirred solution of the aminoquinolinone carboxamide (154) (0.41g; 0.002mol) in 
glacial acetic acid (18.Oml) was treated with a mixture of concentrated hydrochloric 
acid (I .Oml) and water (1 .Oml) and the resulting suspension was stirred at room 
temperature and treated dropwise with a solution of thiophosgene (0.46g; 0.004mol) 
in glacial acetic acid (2.Oml). The mixture was then stirred at room temperature for 
2h. 
The mixture was diluted with water (20.Oml), stirred at room temperature for 15mm 
and the precipitated cream solid collected and combined with a second crop, 
obtained by rotary evaporation of the aqueous mother liquor to one half of its original 
volume, to afford only the urireacted starting material (154) as a cream solid (total 
260 
0.34g; 83%), mp 329-331°C, identified by comparison (mp and ir spectrum) with a 
sample prepared before. 
The Attempted Reaction of 4-Amino-I ,2-dihydro-2-oxoQuinoline-3-carboxamide 
(154) with Cyanoqen Bromide in Acetic Acid 
A stirred solution of the aminoquinolinone carboxamide (154) (0.419; 0.002mol) in 
glacial acetic acid (7.5m1) was treated with a solution of cyanogen bromide (0.21g; 
0.002mol) in glacial acetic acid (2.5m1) and the resulting solution was stirred and 
heated at 60°C with the exclusion of atmospheric moisture for 3h. 
The solution was allowed to cool to room temperature and the precipitated solid was 
collected and treated with 10% w/v aqueous sodium hydrogen carbonate solution 
(5.Oml) to give a colourless solid which was combined with a second crop, obtained 
by rotary evaporation of the acetic acid mother liquor, to afford only the unreacted 
starting material (154) as a colourless solid (total 0.37g; 90%), mp 327-329°C, 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
The Attempted Reaction of 4-Amino-I ,2-dihydro-2-oxoguinoline-3-carboxamide 
(154) with Phenyl Isocyanate in Dimethylformamide 
(a) A stirred solution of the aminoquinolinone carboxamide (154) (0.41g; 0.002mol) 
in anhydrous dimethylformamide (7.5ml) was treated dropwise at room temperature 
with a solution of phenyl isocyanate (0.24g; 0.002mol) in anhydrous 
dimethylformamide (2.5ml) and the resulting solution was stirred at room 
temperature with the exclusion of atmospheric moisture for 24h. 
The solution was rotary evaporated and the solid residue washed with diethyl ether 
to afford only the unreacted starting material (154) as a cream solid (0.41g; 100%), 
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mp 321-325°C, identified by comparison (mp and ir spectrum) with a sample 
prepared before. 
(b) A stirred solution of the aminoquinolinone carboxamide (154) (0.41g; 0.002mol) 
in anhydrous dimethylformamide (7.5m1) was treated dropwise at room temperature 
with a solution of phenyl isocyanate (0.24g; 0.002moI) in anhydrous 
dimethylformamide (2.5ml) and the resulting solution was stirred and heated at 
100°C with the exclusion of atmospheric moisture for 3h. 
The solution was rotary evaporated and the residue heated to reflux in ethyl acetate 
(15.Oml) and the insoluble solid hot-filtered to afford only the unreacted starting 
material (154) as a cream solid (0.41g; 100%), mp 325-328°C, identified by 
comparison [mp, ir spectrum and tIc in dichloromethane-methanol (19:1) over silica] 
with a sample prepared before. 
4,5-DichloropyrimidoF5,4-cguinoline 074 
(a) 4,5-Dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (1 67a) (27.7g; 0.1 3mol) was 
added in portions to a stirred mixture of phosphorus oxychloride (400g; 2.6mol) and 
N,N-dimethylaniline (50.4g; 0.416mol) and the resulting suspension was stirred at 
room temperature for 20min then stirred and heated under reflux with the exclusion 
of atmospheric moisture for 2h. 
Rotary evaporation of the resulting deep red brown solution gave a red brown gum 
which was treated with dichloromethane (650m1) and ice (650g) then the two phases 
were separated and the aqueous phase further extracted with dichloromethane 
(3x325ml). The combined organic extracts were washed sequentially with water 
(2x325m1), 2M aqueous hydrochloric acid (2x325m1) and 10% w/v aqueous sodium 
hydrogen carbonate solution (3x325m1) then rotary evaporated to give a yellow 
green gummy solid (29.6g) which was treated with 10% w/v aqueous sodium 
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hydrogen carbonate solution (250m1). The resulting suspension was stirred at room 
temperature for 15min and extracted with dichioromethane (3x250m1) to give a 
yellow green solid (26.6) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (95:5) afforded 4,5-dichloropyrimido[5,4- 
c]quinoline (174) (24.8g; 76%) which formed pale yellow tablets, mp 164-166°C 
(from ethyl acetate), oH  (CDCI3) 9.27 (11-1, 5, pyrimidineH), 9.06-9.01 (11-1, m, ArH), 
8.13-8.11 (11-1, m, ArH), 8.09-7.93 (IH, m, ArH) and 7.84-7.76 (11-1, m, ArH), °c 
(CDCI3) 160.6 (quat), 157.0 (quat), 156.8 (CH), 145.9 (quat), 145.7 (quat), 133.7 
(CH), 128.6 (CH), 128.3 (CH), 125.0 (CH), 122.7 (quat) and 115.8 (quat), whose 
structure was confirmed by X-ray analysis (see Figure 15 and Tables 6 and 7, p 
240). 
Further elution with hexane-ethyl acetate (9:1) and hexane-ethyl acetate (8:2) 
through ethyl acetate to methanol gave no further identifiable material. 
(b) 4,5-Dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (1 67a) (32.0g; 0.1 5mol) was 
added in portions to a stirred mixture of phosphorus oxychloride (461g; 3.Omol) and 
N,N-dimethylaniline (58.1g; 0.48mo1) and the resulting suspension was stirred at 
room temperature for 20min then stirred and heated under reflux with the exclusion 
of atmospheric moisture for 2h. 
Rotary evaporation of the resulting deep red brown solution gave a red brown gum 
which was treated with dichloromethane (750m1) and ice (750g) then the two phases 
were separated and the aqueous phase further extracted with dichloromethane 
(3x375m1). The combined bordeaux organic extracts were left standing at room 
temperature for 17h to give a yellow green suspension which was treated with water 
(375ml) to give a three phase mixture. Collection of the insoluble solid and treatment 
with 10% w/v aqueous sodium hydrogen carbonate solution (200m1) afforded 5- 
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chloro-3,4-dihydro-4-oxopyrimido[5,4-c]quinoline (192) (23.7g; 68%) which formed 
beige microcrystals, mp >335°C (phase modification at 215-225°C) (from 
dimethylformamide), vmax 3061 and 3000-2500 (NH, OH) and 1705 and 1685 
(C0) and 1605 (C=N) cm1, 8H  [(CD3)2S=0] 13.12 (IH, bs, NH, OH), 8.85-8.70 
(11-1, m, ArH), 8.56 (IH, s, pyrimidineH), 8.10-7.90 (2H, m, ArH) and 7.82-7.70 (IH, 
m, ArH). 
Work up of the aqueous dichloromethane mother liquor gave no further identifiable 
material. 
(c) 5-Chloro-3,4-dihydro-4-oxopyrimido[5,4-c]quinoline (192) (23.2g; 0.1 mol) was 
added in portions to a stirred mixture of phosphorus oxychloride (1 54g; I .Omol) and 
N,N-dimethylaniline (19.4g; 0.16mol) and the resulting suspension was stirred at 
room temperature for 20min then stirred and heated under reflux with the exclusion 
of atmospheric moisture for 2h. 
Rotary evaporation of the resulting deep red brown solution gave a red brown gum 
which was treated with dichloromethane (500m1) and ice (500g) then the two phases 
were separated and the aqueous phase further extracted with dichloromethane 
(3x250m1). The combined organic extracts were washed sequentially with water 
(2x250m1), 2M aqueous hydrochloric acid (3x250m1) and 10% w/v aqueous sodium 
hydrogen carbonate solution (3x250m1) and rotary evaporated to give a yellow green 
gummy solid (24.0g) which was treated with 10% w/v aqueous sodium hydrogen 
carbonate solution (250m1). The resulting suspension was stirred at room 
temperature for 15min then extracted with dichloromethane (3x250m1) to give a 
yellow green gummy solid (21.1) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (95:5) afforded 4,5-dichloropyrimido[5,4-
c]quinoline (174) (17.9g; 72%) as a yellow solid, mp 162-165°C identified by 
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comparison [mp, ir spectrum and tic in hexane-ethyl acetate (8:2) over silica] with a 
sample prepared before. 
Further elution with ethyl acetate and finally methanol gave no further identifiable 
material. 
The Reaction of I ,2,3,4,5,6-Hexahydro-2,4,5-trioxopyrimidoF5,4-clguinoline (171) 
with PhosDhorus Oxvchloride 
(a) 	I ,2,3,4,5,6-Hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline 	(171) 	(0.92g; 
0.004mol) was added in portions to a stirred mixture of phosphorus oxychloride 
(18.4g; 0.12mol) and N,N-dimethylaniline (2.3g; 0.192mol) and the resulting 
suspension was stirred at room temperature for 20min then stirred and heated under 
reflux with the exclusion of atmospheric moisture for 2h. 
Rotary evaporation of the resulting deep red brown solution gave a red brown gum 
which was treated with dichloromethane (30.Oml) and ice (30.0g) then the two 
phases were separated and the aqueous phase further extracted with 
dichloromethane (3x20.Oml). The combined organic extracts were washed 
sequentially with water (2x30.Oml), 2M aqueous hydrochloric acid (2x30.Oml) and 
10% w/v aqueous sodium hydrogen carbonate solution (2x30.Oml) and rotary 
evaporated to give a brown semisolid (1 .2g) which was flash-chromatographed over 
silica. 
Elution with hexane-diethyl ether (97:3) afforded 2,4,5-trichloropyrimido[5,4- 
c]qumnoline (175) (0.32g; 28%) which formed colourless crystals, mp 165-166°C 
(from ethyl acetate), 8H  (CDCI3) 8.99-8.93 (1H, m, ArH), 8.11-7.94 (2H, m, ArH) and 
7.83-7.75 (1H, m, ArH). 
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Elution 	with 	hexane-diethyl 	ether 	(95:5) 	afforded 	a 	dichloro-N,N- 
methylphenylaminopyrimido[5,4-c]quinoline derivative (176) (0.42g; 30%) which 
formed yellow crystals, mp 207-208°C (from ethyl acetate), 6H  (CDCI3) 8.58 (IH, 
bs, ArH), 7.93-7.88 (IH, m, ArH), 7.82-7.73 (1H, m, ArH), 7.56-7.39 (6H, m, ArH) 
and 3.74 (3H, s, CH3). 
Further elution with hexane-diethyl ether (9:1) through diethyl ether to ethyl acetate 
and finally methanol gave no further identifiable material. 
(b) 	I ,2,3,4,5,6-Hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline 	(171) 	(0.92g; 
0.004mol) was added in portions to a stirred mixture of phosphorus oxychloride 
(18.4g; 0.12mol) and N,N-dimethylaniline (2.3g; 0.192mol) and the resulting 
suspension was stirred at room temperature for 20min then stirred and heated under 
reflux with the exclusion of atmospheric moisture for 2h. 
Rotary evaporation of the resulting brown suspension gave a brown semisolid which 
was treated with dichloromethane (30.Oml) and ice (30.0g) to give a three phase 
mixture which was filtered to afford a chloro-dioxopyrimidoquinoline derivative (177) 
or (178) or (179) (0.22g; 22%) which formed colourless microcrystals, mp >335°C 
(from dimethyl sulfoxide-water), vmax  3200-2900 (NH) and 1714 and 1680 (C=O) 
cm1, 8H  [(CD3)2S=0] 11.99 (1H, s, NH), 11.73 (IH, s, NH), 8.73-8.68 (IH, m, 
ArH), 7.98-7.87 (2H, m, ArH) and 7.78-7.65 (IH, m, ArH). 
The aqueous dichloromethane mother liquor was separated and the aqueous phase 
extracted three times with dichioromethane (3x30.Oml). The combined organic 
extracts were washed sequentially with water (2x30.Oml), 2M aqueous hydrochloric 
acid (2x30.Oml) and 10% w/v aqueous sodium hydrogen carbonate solution 
(2x30.Oml) and rotary evaporated to give a brown gummy solid (0.83g) which was 
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extracted with boiling ethyl acetate (3x5. OmI) to afford 2,4, 5-trichloropyrimido[5,4-
c]quinoiine (175) (0.47g; 43%) as a yellow solid, mp 161-162°C identified by 
comparison [mp, ir spectrum and tic in hexane-ethyl acetate (9:1) over silica] with a 
sample prepared in (a) before. 
(c) Phosphorus oxychioride (30.7g; 0.2mol) was treated with portions of 1,2,3,4,5,6-
hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline (171) (0.92g; 0.004moI) and the 
resulting suspension was stirred at room temperature for 20min then stirred and 
heated under reflux with the exclusion of atmospheric moisture for 2h. 
Rotary evaporation of the resulting beige suspension gave a beige semisolid which 
was treated with dichloromethane (30.Oml) and ice (30.0g) then the two phases 
were separated and the aqueous phase further extracted with dichloromethane 
(3x20.Oml). The combined organic extracts were washed sequentially with water 
(2x15.Oml) and 10% w/v aqueous sodium hydrogen carbonate solution (2x15.Oml) 
and rotary evaporated to give a cream solid (0.67g). This was extracted with boiling 
ethyl acetate leaving an insoluble yellow solid (0.19g), mp >360°C, whose 'H nmr 
spectrum showed it to be a (1:1) mixture of 1,2,3,4,5,6-hexahydro-2,4,5-
trioxopyrimido[5,4-c]quinoline (171) (10%) and the previously described chloro-
dioxopyrimidoquinoline derivative (177) or (178) or (179) (10%). 
The ethyl acetate mother liquor was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afford 2,4,5-trichloropyrimido[5,4-c]quinoline 
(175) (0.30g; 27%) as a colourless solid, mp 156-161°C identified by comparison 
[mp, ir spectrum and tic in hexane-ethyl acetate (9:1) over silica] with a sample 
prepared in (a) before. 
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Elution with hexane-ethyl acetate (7:3) through to ethyl acetate and finally methanol 
gave no other identifiable material. 
The original aqueous mother liquor on standing precipitated a solid which was 
treated with and 10% w/v aqueous sodium hydrogen carbonate solution (5.Oml) to 
afford 1 ,2,3,4,5,6-hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline (171) (0.1 6g; 17%) 
as a cream solid, mp >360°C, identified by comparison (mp and I  H nmr spectrum) 
with a sample prepared before. 
(d) 	1 ,2,3,4,5,6-Hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline 	(171) 	(0.92g; 
0.004mol) was added in portions to a stirred mixture of phosphorus oxychloride 
(18.4g; 0.12mol) and N,N-diethylaniline (2.9g; 0.192mol) and the resulting 
suspension was stirred at room temperature for 20min then stirred and heated under 
reflux with the exclusion of atmospheric moisture for 2h. 
Rotary evaporation of the resulting deep brown solution gave a green brown 
semisolid which was treated with dichloromethane (30.Oml) and ice (30.0g) then the 
two phases were separated and the aqueous phase further extracted with 
dichloromethane (3x30.Oml). The combined organic extracts were washed 
sequentially with water (2x15.Oml), 2M aqueous hydrochloric acid (2x15.OmI) and 
10% w/v aqueous sodium hydrogen carbonate solution (2x15.Oml) and rotary 
evaporated to give a yellow green semisolid (2.8g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (99:1) afforded N,N-diethylaniline (1 .2g; 40% 
identified by comparison [ir spectrum and tIc in hexane-ethyl acetate (9:1) over 
silica] with an authentic sample. 
Elution with hexane-ethyl acetate (97:3) afforded 2,4, 5-trichioropyrimido[5,4-
'c]quinoline (175) (0.42g; 37%) as a pale yellow solid, mp 164-166°C identified by 
comparison [mp, ir spectrum and tic in hexane-ethyl acetate (9:1) over silica] with a 
sample prepared in (a) before. 
Further elution with hexane-ethyl acetate (9:1) through ethyl acetate to methanol 
gave no further identifiable material. 
6-Hydroxy4,5-dioxo-34,5,6-tetrahydropyrimido[5,4-clguinoline (180) 
A solution of the N-hydroxy amino amid derivative (160) (3.3g; 0.015mol) in formic 
acid was stirred and heated under reflux with the exclusion of atmospheric moisture 
for 24h. 
The resulting suspension was cooled to room temperature and the insoluble solid 
collected to afford 6-hydroxy-4, 5-dioxo-3,4, 5,6-tetrahydropyrimido[5,4-c]quinoline 
(180) (3.3g; 97%) which formed cream microcrystals, mp >340°C (from dimethyl 
sulfoxide), vmax  3091 br (NH, OH), 1705 (C=O) and 1612 (C=N) cm1, 6H 
[(CD3)2S0] 12.76 (1H, bs, NH or OH) (exch), 11.32 (1H, bs, NH or OH) (exch), 
8.55-8.48 (IH, m, ArH), 8.45 (IH, s, pyrimidineH), 7.83-7.63 (21-1, m, ArH) and 7.47-
7.31 (IH, m, ArH). 
Rotary evaporation of the formic acid mother liquor gave no further identifiable 
material. 
1 -Acetoxy-4-amino-1 ,2-dihydro-2-oxoguinoline-3-carboxamide (181) 
A mixture of the N-hydroxy compound (160) (0.44g; 0-002mol) and acetic anhydride 
(0.50ml) was heated at 100°C (steam bath) with the exclusion of atmospheric 
moisture for 10min and then left to cool to room temperature for 20mm. 
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The mixture was diluted with diethyl ether and the insoluble solid was collected to 
afford 1 -acetoxy-4-amino-1 ,2-dihydro-2-oxoquinoline-3-carboxamide (181) (0.51 g; 
98%) which formed colourless crystals, mp 207-208°C (from 1,4-dioxane), vmax 
3366 and 3195 (NH), 1796 and 1712 (C=O) and 1605 (C=N) cm 1 , oH  [(CD3)2S0] 
11.04 (1H, bs, NH) (exch), 9.21 (1H, d, J 4.2, NH) (exch), 8.43 (IH, bs, NH) (exch), 
8.31-8.26 (IH, m, ArH), 7.76-7.67 (IH, m, ArH) and 7.44-7.32 (3H, m, ArH and NH). 
6-Acetoxy-4,5-dioxo-2-methyl-3,4,5,6-tetrahydropyrimidol5.4-ciciuinoline (183) 
A solution of the N-hydroxy aminoamide derivative (160) (0.44g; 0.002mol) in acetic 
anhydride (5.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 3h. 
The precipitated solid was collected by hot-filtration to afford 6-acetoxy-4,5-dioxo-2- 
methyl-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (183) (0.38g; 67%) which formed 
colourless microcrystals, mp 31 0-31 2°C (decomp) (from dimethylformamide), vmax 
3700-2700 (NH, OH), 1792 and 1729 (C=O) and 1608 (C=N) cm1, 8H  [(CD3)2S=O] 
12.83 (1H, s, NH) (exch), 8.57-8.52 (IH, m, ArH), 7.81-7.72 (IH, m, ArH), 7.49-7.35 
(2H, m, ArH), 2.51 (3H, s, CH3) and 2.46 (3H, s, CH3). 
Rotary evaporation of the organic mother liquor gave 4,5-dioxo-6-hydroxy-2-methyl-
3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (182) (0.095g; 20%), mp 175-175 
(decomp, gas evolution) then partial resolidification and mp 270-275°C (decomp, 
gas evolution). 
Found: m/z (Elms), 243.0644 (M) 
M, 243.0644 
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6-Hydroxy-1 .2.34,56-hexahydro-2,4,5-trioxopyrimido[54-clguinoline (184) 
The N-hydroxy aminoamide derivative (160) (0.44g; 0.002mol) was added to a 
solution of sodium (0.23g; 0.01gatom) in anhydrous ethanol (15.Oml). The mixture 
was treated with diethyl carbonate (0.94g; 0.008mol) and the resulting suspension 
was then stirred and heated under reflux with the exclusion of atmospheric moisture 
for5h. 
The insoluble solid was collected by hot-filtration, treated with water (10.Oml) and 
the resulting solution was acidified with 2M aqueous hydrochloric acid and the 
precipitated solid collected to afford 6-hydroxy-1 ,2,3,4,5,6-hexahydro-2,4,5-
trioxopyrimido[5,4-c]quinoline (184) (0.37g; 76%) which formed pale yellow 
microcrystals of a hemihydrate, mp >340°C (from dimethylformamide), vmax  3205 
br (NH, OH), 1731 and 1697 (C=O) and 1620 (C=N) cm1, 6H  [(CD3)2S=0] 11.59 
(11-1, bs, NH or OH) (exch), 11.37 (11-1, s, NH or OH) (exch), 11.22 (IH, bs, NH or 
OH) (exch), 8.50 (11-1, d, J 8.0, ArH), 7.87-7.66 (21-1, m, ArH) and 7.35-7.26 (11-1, m, 
ArH), 8C [(CD3)2S=01 160.4 (quat), 154.1 (quat), 150.5 (quat), 148.5 (quat), 139.6 
(quat), 134.5 (CH), 124.5 (CH), 122.2 (CH), 112.9 (CH), 109.2 (quat) and 100.3 
(quat). 
The ethanolic mother liquor was rotary evaporated, the residue treated with water 
(5.Oml) and the resulting solution acidified with 2M aqueous hydrochloric acid to give 
unreacted starting material (160) (0.045g; 10%) as a cream solid, mp 247-249°C, 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
The N-hydroxy aminoamide derivative (160) (2.2g; 0.01mol) was added to a 
solution of sodium (1 .4g; 0.06gatom) in anhydrous ethanol (75.Oml). The mixture 
was treated with diethyl carbonate (5.9g; 0.05mol) and the resulting suspension was 
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then stirred and heated under reflux with the exclusion of atmospheric moisture for 
6h. 
Work up of the reaction mixture as described in (a) gave 6-hydroxy-1,2,3,4,5,6-
hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline (184) (2.2g; 90%) as a cream solid, 
mp >360°C, identified by comparison (mp and ir spectrum) with a sample prepared 
in (a) before. 
6-Acetoxy-4.5-dioxo-3,4,56-tetrahydropyrimidoF54-c1cuinoline (185) 
A stirred suspension of the hydroxamic acid (180) (0.239; 0.001mol) in acetic 
anhydride (5.Oml) was heated under reflux with the exclusion of atmospheric 
moisture for lh. 
The insoluble solid was collected by hot-filtration and washed with anhydrous diethyl 
ether to afford 6-acetoxy-4,5-dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (185) 
(0.25g; 93%) which formed yellow microcrystals, mp 294-296°C (decomp, gas 
evolution) (from dimethylformamide), vmax 3133 br (NH), 1798, 1732 and 1667 
(C0) and 1610 (C=N) cm1, 6H  [(CD3)2S=0] 13.30-12.30 (IH, bs, NH) (exch), 
8.59-8.54 (IH, m, ArH), 8.52 (IH, s, pyrimidineH), 7.84-7.75 (IH, m, ArH), 7.52-7.39 
(21-1, m, ArH) and 2.52 (3H, s, CH3). 
4,5,9-Trichloropyrimido[5,4-c]guinoline (186) 
6-Hydroxy-4,5-dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline 	(180) 	(0.92g; 
0.004mol) was added in portions to a stirred mixture of phosphorus oxychloride 
(12.3g; 0.08mol) and N,N-dimethylaniline (2.3g; 0.013mol) and the resulting 
suspension was stirred at room temperature for 20min then stirred and heated under 
reflux with the exclusion of atmospheric moisture for 2h. 
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Rotary evaporation of the resulting deep blue solution gave a blue gum which was 
treated with dichioromethane (20.Oml) and ice (20.0g) then the two phases were 
separated and the aqueous phase further extracted with dichloromethane 
(3x20.Oml). The combined organic extracts were washed sequentially with water 
(2x10.Oml), 2M aqueous hydrochloric acid (2x10.Oml) and 10% w/v aqueous sodium 
hydrogen carbonate solution (3x10.Oml) then rotary evaporated to give a blue gum 
(1 .lg) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (98:2) afforded 4, 5,9-trichloropyrimido[5,4- 
c]quinoline (186) (0.083g; 7%) which formed colourless crystals, mp 179-180°C 
(from ethyl acetate), 6H  (CDCI3) 9.28 (11-1, s, pyrimidineH), 9.00 (IH, d, J 2, ArH), 
8.04 (IH, d, J 9, ArH) and 7.89 (1H, dd, J 9 and 2, ArH). 
Further elution with hexane-ethyl acetate (95:5) through to ethyl acetate and finally 
methanol gave only a series of intractable multicomponent gums and solids (total 
I .Og) from which no identifiable material could be obtained. 
6-Acetoxy-1 2.3,4,5,6-hexahvdro-2.4.5-trioxoDvrimidoF5.4-clauinoline (187 
(a) A mixture of the hydroxamic acid (184) 0.1 8g; 0.00075mol) and acetic anhydride 
(0.30ml) was heated at 100°C (steam bath) with the exclusion of atmospheric 
moisture for 10 min and the resulting suspension was left to cool to room 
temperature for 20mm. 
The suspension was diluted with diethyl ether and the insoluble solid collected by 
filtration to give a cream solid (0.18g), mp 260-270°C (decomp, gas evolution) 
whose ir spectrum showed it to be mainly impure starting material (184). 
Rotary evaporation of the diethyl ether mother liquor gave a gummy cream solid 
(0.030g) which was combined with the original solid (total 0.21g) and treated with 
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acetic anhydride (5.Oml). The resulting suspension was then stirred and heated 
under reflux with the exclusion of atmospheric moisture for 0.5h. 
The insoluble solid was collected by hot-filtration to afford 6-acetoxy-1 ,2,3,4,5,6- 
hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline (187) (0.085g; 39%) which formed 
cream microcrystals, mp 301-303°C (from 1,4-dioxane-dimethylformamide), vmax 
3250-2800 (NH), 1805, 1733 and 1703 (C=O) cm1, 8H  [(CD3)2S=0] 11.75 (IH, S, 
NH) (exch), 11.50 (IH, s, NH) (exch), 8.61-8.57 (IH, m, ArH), 7.84-7.74 (11-1, m, 
ArH), 7.53-7.50 (IH, m, ArH), 7.44-7.37 (1H, m, ArH) and 2.49 (3H, s, CH3). 
Rotary evaporation of the organic mother liquor gave no further identifiable material. 
(b) A suspension of the hydroxamic acid (184) (0.98g; 0.004mol) in acetic anhydride 
(20.Oml) was stirred and heated under reflux with the exclusion of atmospheric 
moisture for 3h. 
The insoluble solid was collected by hot-filtration to afford 6-acetoxy-1 ,2,3,4,5,6- 
hexahydro-2,4,5-trioxopyrimido[5,4-c]quinoline (187) (0.75g; 65%) as a cream solid, 
mp 298-299°C (decomp, gas evolution) identified by comparison (mp and ir and 1 H 
nmr spectra) with a sample prepared in (a) before. 
Rotary evaporation of the organic mother liquor gave no further identifiable material. 
2,5-Dioxo-4-hydroxy-1 ,2,5.6-tetrahydropyrido[3,2-clguinoline (188) 
(a) A stirred suspension of ethyl 3-(4-amino-1 ,2-dihydro-2-oxoquinolin-3-yl)-3-
oxopropanoate (148) (0.55g; 0.002mol) in anhydrous ethanol (10.Oml) was treated 
with a solution of sodium (0.18g; 0.008g.atom) in anhydrous ethanol (10.Oml) and 
the resulting suspension was then stirred and heated under reflux with the exclusion 
of atmospheric moisture for lh. 
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The insoluble solid was collected by hot-filtration, suspended in water (15.Oml) and 
acidified with 2M aqueous hydrochloric acid and the cream suspension was stirred 
at room temperature for 0.5h. The insoluble solid was then collected to afford 2,5-
dioxo-4-hydroxy-1 ,2,5,6-tetrahydropyrido[3,2-c]quinoline (188) (0.45g; 98%) which 
formed colourless microcrystals, mp >360°C (from dimethyl sulfoxide), vmax  3300 
2400 (NH and OH) and 1683 and 1653 (C=O) cm1, 6H  [(CD3)2S=0] 13.58 (IH, s, 
NH or OH), 12.48 (IH, s, NH or OH), 12.06 (IH, s, NH or OH), 8.61-8.56 (IH, m, 
ArH), 7.74-7.65 (1H, m, ArH), 7.49-7.32 (2H, m, ArH) and 5.67 (IH, bs, pyridineH). 
(b) 	A suspension 	of ethyl 	3-(4-amino-1 ,2-dihydro-2-oxoquinolin-3-yl)-3- 
oxopropanoate (148) (6.9g; 0.025mo1) in glacial acetic acid (75.Oml) was stirred and 
heated under reflux with the exclusion of atmospheric moisture for I h. 
The insoluble solid was collected by hot-filtration to afford 2,5-dioxo-4-hydroxy- 
1,2,5,6-tetrahydropyrido[3,2-c]quinoline (188) as a cream solid (5.5g; 97%), mp 
>360°C, identified by comparison (mp, ir and 1 H nmr spectra) with a sample 
prepared in (a) before. 
4,6-Dihydroxy-2,5-dioxo-1 ,256-tetrahydropyridoF32-c1guinoline (189) 
(a) A stirred suspension of ethyl 3-(4-amino-1,2-dihydro-1-hydroxy-2-oxoquinolin-3-
yl)-3-oxopropanoate (150) (0.58g; 0.002mol) in anhydrous ethanol (40.Oml) was 
treated at room temperature with a solution of sodium (0.18g; 0.004g.atom) in 
anhydrous ethanol (10.Oml) and the resulting suspension was then stirred and 
heated under reflux with the exclusion of atmospheric moisture for I h. 
The mixture was rotary evaporated, the residue was treated with water (5.Oml) and 
the resulting suspension acidified with 2M aqueous hydrochloric acid. The insoluble 
solid was collected to afford 4,6-dihydroxy-2,5-dioxo- 1,2, 5,6-tetrahydropyrido[3, 2-c]- 
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quinoline (189) (0.45g; 92%) which formed colourless microcrystals, mp >340°C 
(from dimethylsulfoxide), vmax  3300-2200 (OH), 3285 (NH) and 1663 (C=O) cm 1 , 
oH [(CD3)2S=0] 13.21 (1H, s, NH or OH) (exch), 12.00 (21-1, s, NH, OH) (exch), 8.68 
(1H, d, J 8.0, ArH), 7.89-7.74 (21-1, m, ArH), 7.53-7.41 (IH, m, ArH) and 5.76 (IH, s, 
pyridineH). 
(b) A solution of the N-hydroxy aminoketoester derivative (150) (2.9g; 0.01mol) in 
glacial acetic acid (30.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for lh. 
The precipitated solid was collected by hot-filtration to afford 4,6-dihydroxy-2,5-
dioxo-1 ,2,5,6-tetrahydropyrido[3,2-c]quinoline (189) (2.3g; 96%) as a cream solid, 
mp >360°C, identified by comparison (mp and ir spectrum) with a sample prepared 
in (a) before. 
Rotary evaporation of the acetic acid mother liquor gave no further material. 
2,4,6-Triacetoxy-5,6-dihydro-5-oxopyridoF3,2-clguinoline (190) 
A suspension of 4,6-dihydroxy-2,5-dioxo-1 ,2,5,6-tetrahydropyrido[3,2-c]quinoline 
(189) (1.2g; 0.005mol) in acetic anhydride (25.Oml) was stirred and heated under 
reflux with the exclusion of atmospheric moisture for 3h. 
The resulting solution was rotary evaporated and the solid residue washed with 
anhydrous diethyl ether to afford 2,4,6-triacetoxy-5,6-dihydro-5-oxopyrido[3, 2-
c]quinoline (190) (1.7g; 92%) which formed colourless microcrystals, mp 200-202°C 
(decomp, gas evolution) (from ethyl acetate), vmax 1792, 1770 and 1689 (C=O) 
cm1, 8H  (CDCI3) 8.75-8.71 (1H, m, ArH), 7.66-7.59 (1H, m, ArH), 7.40-7.38 (IH, m, 
qk 
ArH), 7.26-7.22 (1H, m, ArH), 7.02 (1H, s, pyridineH), 2.51 (31-1, s, CH3), 2.44 (31-1, s, 
CH3) and 2.42 (31-1, s, CH3). 
Heating the triacetoxy compound (190) under reflux with 2M aqueous sodium 
hydroxide for 15min converted it into the dihydroxypyridoquinoline derivative (189) 
(98%), mp >360°C, identified by comparison (mp and ir spectrum ) with a sample 
prepared before. 
The Attempted Hydrocienolysis of 2.4, 6-Triacetoxy-5.6-dihydro-5-oxopyridor3.2-
ciguinoline (190) over 10% Palladium-on-Charcoal 
A solution of the triacetoxypyridoquinoline compound (190) (0.74g; 0.002mol) in 
anhydrous dimethylformamide (20.Oml) was hydrogenated over 10% palladium-on-
charcoal (0.074g) at room temperature and 4 atmospheres. 
The mixture was filtered through celite, the filtrate was rotary evaporated and the 
solid residue treated with anhydrous diethyl ether to afford only the impure 
triacetoxypyridoqumnoline starting material (190) (0.64g; 86%) as a cream solid, mp 
178-183°C, identified by comparison [ir spectrum and tIc in hexane-ethyl acetate 
(1:1) over silica] with a sample prepared before. 
2,4,5-Trichloropyridol3.2-ciciuinoline (191 
A stirred mixture of phosphorus oxychloride (61 .5g; 0.4moI) and N,N-dimethylaniline 
(7.8g; 0.06mol) was treated portionwise with the hydroxypyridoquinoline derivative 
(188) (4.6g; 0.02mol) and the resulting suspension was stirred at room temperature 
for 20min then stirred and heated under reflux with the exclusion of atmospheric 
moisture for 2h. 
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Rotary evaporation of the deep purple solution gave a purple semisolid which was 
treated with dichloromethane (lOOmI) and ice (lOOg) then the two phases were 
separated and the aqueous phase further extracted with dichloromethane 
(3xlOOml). The combined organic extracts were washed sequentially with water 
(2x50.Oml), 2M aqueous hydrochloric acid (2x50.Oml) and 10% w/v aqueous sodium 
hydrogen carbonate solution (2x50.OmI) then rotary evaporated to give a purple 
gummy solid (6.5g). This was crystallised from ethyl acetate to afford 2,4,5-
trichloropyrido[3,2-c]quinoline (191) (4.7g; 83%) which formed beige microcrystals, 
mp 141-142°C (from ethyl acetate), 8H  (CDCI3) 9.01-8.96 (IH, m, ArH), 8.08-8.03 
(IH, m, ArH), 7.91-7.83 (1H, m, ArH) and 7.78-7.70 (2H, m, ArH and pyridineH). 
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Table 8: Elemental Analyses and Mass Spectroscopic Data 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(166c) (C18H15N303) 66.9 4.7 12.9 (322) 67.3 4.7 13.1 321 
(166d) (C17H13N303.1/2H20) 64.3 4.4 13.0 (308.1034) 64.6 4.5 13.3 (308.1035) 
(166e) (C15H15N305) 56.2 4.6 12.8 318.01097 56.8 4.8 13.3 318.1090 
(167a) (C11H7N302) 61.5 3.3 19.4 (214.0610) 62.0 3.3 19.7 (214.0617) 
(167b) (C12H9N302) 63.8 4.0 18.6 (228.0766) 63.4 4.0 18.5 (208.0773) 
(167c) (C18H13N302) 71.0 4.3 13.6 (304) 71.3 4.3 13.9 303 
(167e) (C15H13N304) 60.0 4.2 14.3 299 60.2 4.4 14.0 299 
(1670 (C12H8C1N302) 54.7 3.1 16.3 (264) and (262) 55.1 3.1 16.1 261.5 
(167e) (C14H11N304) 58.7 3.8 14.7 (286) 59.0 3.9 14.7 285 
(169) (C14H13N305) 55.2 4.3 13.9 (286)[(M+H)-H2O]  55.4 4.3 13.9 303 
(170) (C10H7N30) 64.2 3.7 22.5 (186.0667) 64.9 3.8 22.7 (186.0667) 
(171) (C11H7N303.1 1/2H20) 52.0 3.6 16.1 (230.0574) 51.6 3.9 16.4 (230.0566) 
(C7H5C1N203) 52.7 2.1 16.6 253, 251 and 249 52.8 2.0 16.8 250 
(C11H4C13N3) 46.4 1.6 14.7 289, 287, 285 and 46.4 1.4 
283  
14.8 284.5 
(C18H12C12N4) 60.6 3.3 15.8 358, 356 and 354 60.9 3.4 15.8 355 
or (178) or (179) 52.9 2.6 16.8 
(C11 H6C1N302)  
249 and 247 53.4 2.4 17.0 247.5 
(180) (C11H7N303.1/2H20) 55.7 3.3 17.3 229.0491 55.5 3.4 17.6 229.0487 
(181) (C12H11N304) 54.7 4.3 15.7 (262.0826) 55.2 4.2 16.1 (262.0828) 
(183) (C14H11N304) 58.6 4.0 14.8 (286.0835) 59.0 3.9 14.7 (286.0828) 
(184) (C11H7N304.1/2H20) 52.3 3.5 16.5 (246.0516) 52.0 3.2 16.5 (246.0515) 
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Table 8: Elemental Analyses and Mass Spectroscopic Data (cont.) 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(C13H9N304) 57.0 3.4 15.2 (272.0672) 57.6 3.3 15.5 (272.0671) 
(C11H4C13N3) 46.3 1.6 14.7 289, 287, 285 and 46.4 
283  
1.4 14.8 284.5 
(C13H9N305) 54.2 3.1 14.1 (288.0616) 54.4 3.2 14.6 (288.0621) 
(C12H8N203.1/2H20) 60.8 3.6 11.6 228.0534 60.8 3.8 11.8 228.0535 
(C12H8N204) 58.7 3.5 11.3 244.0488 59.0 3.3 11.5 244.0484 
(C18H14N207) 58.4 3.6 7.5 (329) 58.4 
[(M+H)-COMe]  
3.8 7.6 370 
(C12H5C13N2) 50.5 1.5 9.9 286, 284 and 282 50.8 1.8 9.9 283.5 
a, molecular ions detected by Electron Impact Mass Spectroscopy or, for values in parentheses, molecular ions detected either 
by Fast Atom Bombardment or Atmospheric Pressure Chemical lonisation or Electrospry Mass Spectroscopy. 
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CHAPTER 4 
INVESTIGATIONS ON THE NUCLEOPHILIC 
























H 20, dioxane, reflux. 
2M HCI (aq.), dioxane, reflux. 
AcOH, reflux. 
DMF, 100°C. 
CH 2Cl2 , H 20, room temp. 
POd 3 , PhNMe2 , reflux. 
2M NaOH (aq.), dioxane, reflux. 
Scheme 48 
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4 Investigations on the Nucleophilic Substitution Reactions of 
Polychioro Pyrimidol514-clguinoline and Pyrido[3,2-c]guinoline 
Derivatives 
This chapter deals with the chemistry of the novel 4,5-dichloropyrimido[5,4-c]-
quinoline (174), 2,4,5-trichloropyrimido[5,4-c]quinoline (175) and 2,4,5-trichloro-
pyrido[3,2-c]quinoline (191) derivatives. Nucleophilic substitution reactions of these 
substrates should produce new heterocyclic products with interesting properties. 
The polychloro compounds (174), (175) and (191) have two reactive chloro 
substituents with a peri relationship to each other and it is therefore of general 
interest to investigate the chemical properties conferred by this relatively uncommon 
strucutral relationship. 
4.1 Nucleophilic Substitution Reactions of 4,5-DichlorpyrimidoF514-clguinoline 
(176) and 2,4,5-Trichloropyrimido[5,4-clguinoline (175) 
Initially (Scheme 48) the behaviour of the 4,5-dichloropyrimido[5,4-c]quinoline (174) 
towards hydrolysis was investigated. Hydrolysis of the dichloro derivative (174) with 
aqueous dioxane in the presence or absence of 2M aqueous hydrochloric acid 
under reflux gave the pyrimidoquinolinedione (167a) in 89% and 73% yield, 
respectively. The same product (167a) was also obtained in essentially quantitative 
yield by heating the dichioro compound (174) in glacial acetic acid under reflux. The 
formation of the pyrimidoquinolinedione (167a) under the latter conditions is 
probably due to the presence of traces of moisture in the glacial acetic acid. In order 
to obtain more information on the relative reactivity of the chloro substituents in the 
dichloro derivative (174) its hydrolysis with aqueous dioxane was investigated at 
room temperature for fifteen minutes or for seventeen hours. In both cases only the 
unreacted starting material (174) was obtained in 98% and 90% yield respectively. 
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Basic hydrolysis of the dichtoro derivative (174) by heating with 2M aqueous sodium 
hydroxide in dioxane under reflux resulted in the formation of two products. The 
main product precipitated out of the reaction mixture and was isolated in 57% yield. 
This product was identical to 4-amino-2-chloro-3-cyanoquinoline (155) previously 
obtained in the reaction of the amino-amide quinolone (154) with phosphorus 
oxychloride in the presence of N,N-dimethylaniline (see Chapter 2, Section 2.3). 
The formation of this product from the dichioro derivative (174) can be rationalised 
by initial nucleophilic attack by hydroxide ion at position 2 of the pyrimidoquinoline 
ring followed by pyrimidine ring cleavage with elimination of hydrogen chloride to 
give a cyano formamide intermediate. Hydrolysis of the formyl group in the latter 
then produces the 4-amino-2-chloro-3-cyanoquinoline (155). 
The second product was obtained by acidification of the basic mother liquor as a 
beige coloured solid in 37% yield. The combustion analysis and mass spectral data 
of this product are in agreement with its formulation as a chloro lactam isomer, 
derived by hydrolysis of only one of the two chloro groups. This may be rationalised 
as follows. If initial nucleophilic addition of hydroxide ion occurs at the pyrimidine 
ring carbon atom bearing the chloro group the negative charge thus formed can be 
delocalised over all three nitrogen atoms without disrupting the conjugation of the 
benzene ring. If on the other hand the initial nucleophilic addition of hydroxide takes 
place at the quinoline ring carbon atom bearing the chloro group the negative 
charge can only be stabilised by the quinoline ring nitrogen atom, again without 
disrupting the aromatic ring. Therefore it is reasonable to assume that the chloro 
substituent in the pyrimidine ring is the more reactive towards nucleophilic 
substitution. This assumption is supported by the X-ray structure of 5-chloro-4-(N,N-
dimethylamino)pyrimido[5,4-c]quinoline (208e) (see Figure 20 and Tables 17 and 
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with N,N-dimethylamine. The isolated monochioro lactam isomer is therefore 
formulated as the 5-chloro-4-oxo structure (192). This structure (192) is further 
supported by comparison of its 1 H nmr spectrum with that of the dioxo derivative 
(167a). The pyrimidine-H(2) proton of the dioxo derivative (167a) resonates at SH 
8.45, while the pyrimidine-H(2) proton of the chloro lactam isomer (192) resonates 
at 8H  8.56 in agreement with its formulation as the 5-chloro-4-oxo isomer (192). 
Isolated in one of the chlorination reactions of the dioxo derivative (167a) was the 5-
chloro-4-oxo derivative (192). Here the wet organic extracts were left standing at 
room temperature overnight, resulting in hydrolysis of the dichloro compound (174) 
producing the 5-chloro-4-oxo derivative (192) in 68% yield. This compound could be 
re-chlorinated to give the dichloro compound (174) in 72% yield. It was also 
observed that the 5-chloro-4-oxo derivative (192) is obtained, in essentially 
quantitative yield, by heating a solution of the dichloro derivative (174) in anhydrous 
dimethylformamide (dried over molecular sieves) at 100°C for one hour. 
Nucleophilic substitution (Scheme 49) of the dichioro derivative (174) with primary, 
secondary and tertiary alcohols was next examined. Thus, heating the dichloro 
compound (174) with sodium methoxide in methanol under reflux gave a pale yellow 
solid in 91% yield. The 1 H nmr spectrum of this compound shows a one proton 
singlet at oH  9.05 assignable to a pyrimidine-H(2) proton, four aromatic protons and 
two three proton singlets at 0H  4.12 and 4.09 attributable to two methoxy groups. 
The formulation of this product as the 4,5-dimethoxypyrimido[5,4-c]quinoline (193a) 
is in full agreement with the rest of its spectroscopic data and its combustion 
analysis. The dimethoxy derivative (193a) was also obtained in 64% yield by heating 
the dichloro compound (174) in methanol under reflux. Repetition of the reaction of 
the dichloro derivative (174) in methanol at room temperature for 30 minutes 
produced only the unreacted starting material in 92% yield. This lack of reactivity is 
W. 
probably due to the insolubility of the dichloro compound (174) in methanol, as 
treatment of a solution of the dichloro compound (174) in dichloromethane with 
methanol at room temperature resulted in complete consumption of the starting 
material after only half an hour. Two products were formed in this reaction, which 
were readily separated by flash-chromatography. The main product, isolated in 58% 
yield, was the dimethoxypyrimidoquinoline (193a) in which both chloro groups have 
been substituted. The substitution of both chloro substituents under these mild 
conditions is surprising and there is no satisfactory explanation for this observation. 
The second product was isolated in 27% yield as a colourless solid whose 
combustion analysis, 1 H nmr and accurate mass spectra indicate that only one 
chloro substituent has been displaced by methoxide. This product is formulated as 
the 5-chloro-4-methoxypyrimidoquinoline isomer (194a) based on the previous 
argument, employed for the 5-chloro-4-oxopyrimidoquinoline derivative (192). 
Comparison of the pyrimidine-H(2) proton absorptions for the dichloro, dimethoxy 
and chloro methoxy derivatives (174), (193a) and (194a) which resonate in deuterio 
chloroform at 8H  9.27, 9.01 and 9.04 respectively also indicates that the 5-chloro-4-
methoxypyrimidoquinoline isomer (194a) was obtained. The 5-chloro-4-methoxy 
derivative (194a) was converted into the dimethoxy derivative (193a) in 71% yield by 
heating in methanol under reflux. 
Heating the dichloro compound (174) in ethanol under reflux for fifteen minutes 
gave the diethoxypyrimidoquinoline derivative (193b) in 58% yield. The assigned 
structure of this product is in full agreement with its combustion analysis and 
spectroscopic data. Thus, the 1 H nmr spectrum shows a one proton singlet at 6H 
8.97 assignable to a pyrimidine-H(2) proton, four aromatic protons and two two 
proton quartets centred at 8H  4.63 and 4.62 and two three proton triplets centred at 
oH 1.54 and 1.52, assignable to two ethoxy moieties. Also isolated in this reaction 
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was a pale yellow solid (38%) whose ir spectrum shows broad absorption at 3126 
cm 1 and absorption at 1669 cm -1 attributable to a lactam substituent, while its 1 H 
nmr spectrum shows a one proton singlet at 5H  11.77 assignable to N-H 
functionality, a one proton singlet at 6H  8.97 attributable to a pyrimidine-H(2) proton, 
four aromatic protons and a two proton quartet centred at 6H  4.56 and a three 
proton triplet centred at 6H  1.40 assignable to a single ethoxy group. The 
formulation of this product as a ethoxy lactam isomer (195b) is also in agreement 
with its combustion analysis and accurate mass spectrum. The structure of the 
ethoxy lactam derivative (195b) was finally, unequivocally established by X-ray 
analysis (see Figure 16 and Tables 9 and 10) as the 4-ethoxy-5-oxo compound 
(195b). The X-ray diffraction analysis also showed that the 4-ethoxy-5-oxo 
compound (195b) crystallised by forming a intermolecular hydrogen bond between 
the carbonyl oxygen atom of the quinotine ring and the NH proton of the quinoline 
ring. 
Heating a solution of the dichloro compound (174) in isopropanol followed by work 
up with 10% aqueous sodium hydrogen carbonate solution gave a yellow solid in 
quantitative yield. This compound was tentatively identified as a sodium salt of the 
dioxo compound (167a), which on crystallisation from acetic acid gave a colourless 
solid, identical in every respect to the previously described dioxo derivative (1 67a). 
Repetition of this reaction under anhydrous conditions, in an attempt to avoid any 
hydrolysis of the dichloro compound (174) by water, also resulted in the isolation of 
the previously obtained sodium salt of the dioxo derivative (167a), in quantitative 
yield. However, it could be shown by tic that during this reaction an intermediate 
was formed, which was identical (tic) to the product formed in the reaction of the 
dichloro compound (174) with sodium isopropoxide in isopropanol. These conditions 
produced a colourless solid, in 83% yield, identified as diisopropoxypyrimido[5,4-c]- 
N'N 
cxi OEt  
Figure 16 
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X-Ray Diffraction Data for 5,6Dihydro4ethoxy-5-oxoPVrimidOF5,4-C1gUinolifle 
(195b) 
Table 9: Bond Lengths (Angstroms) with Standard Deviations 
N(1)-C(2) 1.363(2) N(5)-C(6) 1.340(2) 
N(1) - C(14) 1.383(2) C(6) - N(7) 1.316(3) 
C(2) - 0(21) 1.232(2) N(7) - C(8) 1.356(2) 
C(2) - C(3) 1.470(2) C(8) - C(9) 1.452(2) 
C(3) - C(8) 1.398(2) C(9) - C(14) 1.396(2) 
C(3) - C(4) 1.419(2) C(9) - C(10) 1.401 (2) 
C(4) - N(S) 1.325(2) C(1 0) - C(1 1) 1.372(3) 
C(4) - 0(41) 1.325(2) C(11) - C(12) 1.392(3) 
0(41)-C(42) 1.459(2) C(12)-C(13) 1.371 (3) 
C(42) - C(43) 1.499(3) - C(14) 1.400(3) 
Table 10: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(14) 126.0(1) C(6) - N(7) - C(8) 115.4(2). 
0(21) - C(2) - N(1) 119.6(2) N(7) - C(8) - C(3) 122.4(2) 
0(21) - C(2) - C(3) 125.2(2) N(7) - C(8) - C(9) 117.7(2) 
N(1)- C(2) - C(3) 115.2 (1) C(3)- C(8) - C(9) 119.9(2) 
C(8) - C(3) - C(4) 115.7(2) - C(9)- C(10) 118.9(2) 
C(8) - C(3) C(2) 120.9(2) C(14) - C(9) - C(8) 118.2(2) 
C(4) - C(3) - C(2) 123.3 (1) C(10) - C(9) - C(8) 122.8(2) 
N(5) - C(4) - 0(41) 119.1 (2) C(11) - C(10) - C(9) 120.6(2) 
N(S) - C(4) - C(3) 122.0(2) C(10) - C(11) - C(12) 119.7(2) 
0(41) - C(4) - C(3) 118.9(1) C(13)-C(12)-C(11) 121.2(2) 
C(4) - 0(41) - C(42) 118.0(1) C(12) - C(13) - C(14) 119.2(2) 
0(41)- C(42)- C(43) 107.3(2) N(1)- C(14)- C(9) 119.8(2) 
C(4) - N(S) - C(6) 116.2(2) N(1) - C(14) - C(13) 119.8(2) 
N(7) - C(6) - N(5) 128.3(2) C(9) - C(14) - C(13) 120.4(2) 
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quinoline (193c) on the basis of its combustion analysis and spectroscopic data. 
The 1 H nmr spectrum of this product shows a one proton singlet at oH  8.94 
assignable to a pyrimidine-H(2) proton, four aromatic protons and a two proton 
.multiplet at 8H 5.71-5.33 and two six proton doublets centred at 0H  1.49 and 1.47, 
both with J 6.1 Hz, in full agreement with its assigned structure. The formation of 
the dioxo derivative (167a) in the reaction of the dichloro compound (174) with 
isopropanol can be envisaged to occur by initial formation of the diisopropoxy 
derivative (193c) which is then cleaved to the dioxo derivative (167a), by 
hydrochloric acid generated in the reaction, in an El process which would produce 
a stable secondary carbeniumion. This is in contrast to the reaction of the dichloro 
derivative (174) with methanol where the unfavoured formation of a methyl cation 
would have to be postulated and hence no cleaved product was observed. 
Nucleophilic substitution of the dichloro compound (174) with sodium tert-butoxide 
in tert-butanol gave a complex mixture from which three products could be obtained 
by separation by flash-chromatography. The first product, isolated in 17% yield, is 
formulated as the di-tert-butoxypyrimido[5,4-c]quinOlifle (193d) on the basis of its 
combustion analysis and spectroscopic data. Thus, the 1  H nmr spectrum shows a 
one proton singlet at 0H  8.90 assignable to a pyrimidine-H(2) proton, four aromatic 
protons and two nine proton singlets at 0H  1.76 and 8H  1.74 assignable to two tert-
butyl groups in full agreement with the assigned structure (193d). The di-tert-
butoxypyrimido[5,4-c]quinoline (193d) crystallised as large block shaped crystals 
which were of suitable quality for single crystal X-ray diffraction analysis (see Figure 
17 and Tables 11 and 12) which unequivocally confirms its assigned structure 
(193d). 
The second product, a colourless solid, isolated in 26% yield, was shown to be a 







X-Ray Diffraction Data for 45-di-t-butoxypyrimidoF5.4-c1QuiflOIifle (193d) 
Table 11: Bond Lengths (Angstroms) with Standard Deviations 
N(1) - C(2) 1.290(2) C(42) - C(44) 1.513(2) 
N(1) - C(14) 1.386(2) C(42) - C(43) 1.514(3) 
C(2) - 0(21) 1.386(2) C(42) - C(45) 1.518(2) 
C(2) - C(3) 1.454(2) N(5) - C(6) 1.345(2) 
0(21) - C(22) 1.477(2) C(6) - N(7) 1.311(2) 
C(22) - C(25) 1.510(2) N(7) - C(8) 1.364(2) 
C(22) - C(23) 1.516(2) C(8) - C(9) 1.441 (2) 
C(22) - C(24) 1.523(2) C(9) - C(14) 1.398(2) 
C(3) - C(8) 1.402(2) C(9) - C(10) 1.406(2) 
C(3) - C(4) 1.429(2) C(1 0) - C(1 1) 1.369(2) 
C(4)-N(5) 1.319(2) C(11)-C(12) 1.391(2) 
C(4) - 0(41) 1.328(2) - C(13) 1.370(2) 
0(41) - C(42) 1.481(2) - C(14) 1.405(2) 
Table 12: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(14) 118.9(1) C(44) - C(42) - C(43) 112.7(2) 
N(1) - C(2) - 0(21) 121.0(1) 0(41) - C(42) - C(45) 101.2 (1) 
N(1) - C(2) - C(3) 124.3 (1) C(44) - C(42) - C(45) 110.2(2) 
0(21) - C(2) - C(3) 114.7 (1) C(43) - C(42) - C(45) 111.2(2) 
C(2)- 0(21) - C(22) 123.2 (1) C(4) - N(5) - C(6) 116.7 (1) 
0(21) - C(22) - C(25) 112.0(1) N(7) - C(6) - N(5) 128.4(2) 
0(21) - C(22) - C(23) 109.7 (1) C(6) - N(7) - C(8) 115.0(1) 
C(25) - C(22) - C(23) 112.2(1) N(7) - C(8) - C(3) 122.8 (1) 
0(21) - C(22) - C(24) 101.1(1) N(7) - C(8) - C(9) 118.0(1) 
C(25) - C(22) C(24) 110.2 (1) C(3) - C(8) - C(9) 119.2 (1) 
C(23) - C(22) - C(24) 111.0(1) C(14) - C(9) - C(10) 119.6 (1) 
C(8)- C(3)- C(4) 115.3 (1) C(14) - C(9) - C(8) 117.8 (1) 
C(8) - C(3) C(2) 117.0(1) - C(9) - C(8) 122.5(1) 
C(4) - C(3) - C(2) 127.6(1) - C(10) - C(9) 120.2(2) 
N(5) - C(4) - 0(41) 120.6 (1) C(10) - C(1 1) - C(12) 120.2 (1) 
N(S) - C(4) - C(3) 121.9 (1) C(1 3) - C(1 2) - C(1 1) 120.7(2) 
0(41) - C(4) - C(3) 117.6 (1) C(12) - C(13) - C(14) 120.1(2) 
C(4) - 0(41) - C(42) 124.2 (1) N(1) - C(14) - C(9) 122.8 (1) 
0(41) - C(42) - C(44) 110.3(1) N(1) - C(14) - C(13) 118.0(1) 
0(41) - C(42) - C(43) 110.6 (1) C(9) - C(14) - C(13) 119.2 (1) 
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'H nmr and mass spectra. The 1 H nmr spectrum shows a one proton singlet at 6ii 
8.98 assignable to a pyrimidine-H(2) proton, four aromatic protons and a nine 
proton singlet at 6H  1.80 assignable to a tert-butyl group. The formulation of this 
isomer as the expected 5-chloro-4-tert-butoxy isomer (194d), in which the more 
reactive chloro group has been substituted, is indicated by comparison of the 
pyrimidine-H(2) resonance (H  8.98) with the pyrimidine-H(2) resonances of the di-
tert-butoxy (H  8.90) and dichloro (H  9.27) derivatives (193d) and (174). The 
structure of the 5-chloro-4-tert-butoxy isomer (1 94d) was unequivocally established 
by single crystal X-ray diffraction analysis (see Figure 18 and Tables 13 and 14). 
Also isolated from the reaction, in 19% yield, was the previously obtained 5-
chlorolactam derivative (194). The remainder of the material from this reaction 
consisted in intractable gums and solids. The dramatic decrease in yield in the 
formation of the di-tert-butoxy derivative (193d) in comparison with the dimethoxy, 
diethoxy and diiospropoxy derivatives (193a), (193b) and (193c) can probably be 
partly ascribed to steric crowding between the peri positioned tert-butoxy groups. 
Heating (Scheme 50) a solution of the dichloro compound (174) and phenol (one 
equivalent) in dioxane in the presence of triethylamine under reflux for twenty four 
hours gave the 5-chloro-4-phenoxy derivative (196) as a colourless solid in 61% 
yield, derived by replacment of the more reactive chloro group. This structural 
assignment is in agreement with the product's combustion analysis, 1 H nmr and 
mass spectra. The 1 H nmr spectrum shows a two proton multiplet at 6H  9.00-8.95 
assignable to a pyrimidine-H(2) proton and an aromatic proton and eight further 
aromatic protons in the region 8H  8.12-7.26 in full agreement with its assigned 
structure. Also isolated in this reaction was .unr-eacted dichloropyrimidoquiniline 
starting material (174) in 34% yield. Increasing the reaction time from twenty four 






X-Ray Diffraction Data for 5-chloro-4-t-butoxypyrimidoF5.4-ciciuinoline (194d) 
Table 13: Bond Lengths (Angstroms) with Standard Deviations 
N(l) - C(2) 1.291 (3) C(8) - 0(9) 1.436(3) 
N(1)- C(14) 1.386(3) C(9)- C(10) 1.404(3) 
C(2) - C(3) 1.443(3) C(9) - 0(14) 1.408(3) 
C(2) - Cl(2) 1.740(2) C(10) - C(11) 1.372(3) 
C(3) - C(8) 1.405(3) C(1 1)- C(12) 1.403(4) 
- C(4) 1.432(3) C(1 2) - C(1 3) 1.364(4) 
C(4)-N(5) 1.323(3) C(13)-C(14) 1.411(3) 
- 0(41) 1.323(3) 0(41) - C(42) 1.478(2) 
N(5) - C(6) 1.346(3) C(42) - C(43) 1.517(2) 
C(6) - N(7) 1.307(3) C(42) - C(43) 1.517(2) 
N(7) - C(8) 1.363(3) C(42) - C(44) 1.519(3) 
Table 14: Bond Angles (Degrees) with Standard Deviations 
- N(1) - 0(14) 118.7(2) C(10) - C(9) - C(8) 122.7(2) 
N(1) - C(2) - C(3) 124.8(2) C(14) - 0(9) - 0(8) 117.6(2) 
N(1) - C(2) - 01(2) 113.7(2) C(1 1) - C(1 0) - C(9) 120.2(2) 
- C(2) - Cl(2) 121.5(2) C(10) - C(1 1)- 0(12) 120.0(2) 
C(8) - C(3) - C(4) 114.9(2) C(13)-C(12)-C(11) 121.0(2) 
C(8) - C(3) C(2) 116.8(2) C(12) - 0(13) - 0(14) 120.0(2) 
- C(3) - 0(2) 128.2(2) N(1) - C(14) - C(9) 122.5(2) 
N(S) - C(4) - 0(41) 120.3(2) N(1) - 0(14) - C(13) 118.3(2) 
N(S) - C(4) - C(3) 121.9(2) C(9) - C(14) - 0(13) 119.2(2) 
C(4) - N(5) - C(6) 116.7(2) C(4) - 0(41) - C(42) 123.1(2) 
N(7) - C(6) - N(5) 128.2(2) 0(41) - C(42) - C(43) 110.2 (1) 
0(6) - N(7) - C(8) 115.3(2) 0(41) - C(42) - C(44) 110.2 (1) 
N(7) - C(8) - 0(3) 122.9(2) C(43) - C(42) - 0(43) 114.2(2) 
N(7) - C(8) - C(9) 117.6(2) 0(41) - 0(42) - 0(44) 100.7(2) 
C(3) - 0(8) - C(9) 119.5(2) C(43) - 0(42) - C(44) 110.3 (1) 
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5-chloro-4-phenoxy derivative (196) to 66% together with 18% of unreacted starting 
material (174) and multicomponent gums. 
The availability of the 5-chloro-4-phenoxy derivative (196) prompted its attempted 
intramolecular Friedel-Crafts alkylation to afford the pentacyclic compound (197). 
However, heating the 5-chloro-4-phenoxy derivative (196) with two equivalents of 
aluminium trichloride in dichioromethane under reflux for four hours resulted in the 
isolation of only the unreacted starting material (196) in 84% yield. Increasing the 
excess of aluminium trichloride to over five equivalents resulted in the formation of a 
complex mixture of products from which only unreacted starting material (196) 
(18%) could be obtained. 
Nucleophilic substitution (Scheme 51) of the trichloro derivative (175) with sodium 
methoxide was also investigated. Thus, reaction of the trichloro derivative (175) with 
three equivalents of sodium methoxide in methanol under reflux for one hour gave 
an unresolvable (3:2) mixture tentatively identified by its "H and 13C nmr and mass 
spectrum as the trimethoxy derivative (201) (54%) and a chlorodimethoxy product 
(198) or (199) or (200) (35%). The proposed trimethoxy derivative (201) was 
exclusively obtained in 93% yield when the trichloro derivative (175) was heated 
with three equivalents of sodium methoxide in methanol under reflux for three 
hours. This structure was confirmed by combustion analysis and 1 H and 13C nmr 
and mass spectra. The 1 H nmr spectrum shows four aromatic protons and three 
three proton singlets at 6H  4.21, 4.20 and 4.19 assignable to three methoxy groups 
which appear in the 13C nmr spectrum at 6c 54.9 54.8 and 53.7 all of which is in 
full agreement with its assigned structure (201). 
Nucleophilic substitution of the dichloro derivative (174) with 1,2-dihydroxy 
compounds was investigated next. It was anticipated that it should be possible to 
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heteroannulate the dichloro compound (174) by displacement of both chioro groups 
using 1 ,2-dihydroxy nucleophiles. 
Reaction (Scheme 52) of the dichloro compound (174) with one equivalent of 
ethylene glycol in dioxane under reflux for three hours gave only the unreacted 
starting material (174) (100%). Also, heating the dichloro compound (174) with one 
equivalent of ethylene glycol in dioxane in the presence of triethylamine under reflux 
for twenty four hours again gave only unreacted starting material in quantitative 
yield. However, when the dichloro compound (174) was heated with the disodium 
salt of ethylene glycol (prepared in situ using sodium hydride) in 1,2-
dimethoxyethane under reflux for one hour, a very insoluble colourless solid was 
obtained in 85% yield whose accurate mass spectra indicates that the dimeric 
product (202) or (203) has been formed. The product's 1 H nmr spectrum shows 
only a two proton singlet at 8H  9.14 assignable to two pyrimidine-H(2) proton, eight 
aromatic protons and an eight proton multiplet at 5H  5.10-5.00 assignable to four 
methylene groups, suggesting that only one symmetrical regioisomer has been 
obtained. But since both possible regioisomer are symmetrical [regioisomer (202) 
has an axis of symmetry, while regioisomer (203) has a plane of symmetry] it is not 
possible, at this stage, to say which regioisomer has been obtained. The product 
from the reaction of the dichloro compound (174) with the disodium salt of ethylene 
glycol gave a combustion analysis in agreement with its assigned structure (202) or 
(203). 
Attempted nucleophilic substitution (Scheme 53) of the dichloro compound (174) by 
heating with one equivalent of catechol (204) in dioxane under reflux resulted in the 
isolation of only unreacted dichloropyrimidoquinoline starting material (174) in 80% 
yield. Repetition of this reaction in the presence of triethylamine, in order to 
generate deprotonated catechol and to neutralise the hydrogen chloride formed as 
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by-product, gave a colourless solid in quantitative yield whose formulation as 5-
chloro-4-(2-hydroxyphenoxy)pyrimido[5,4-c]quinoline (205), where only the more 
reactive 4-chloro substituent was displaced, is in full agreement with its combustion 
analysis and spectroscopic properties. The product's ir spectrum shows a broad 
absorption at 3400-3000 cm attributable to a hydroxy group, while its 'H nmr 
spectrum shows a D20 exchangeable one proton singlet at oH  9.73 assignable to a 
hydroxy group, a one proton singlet at 6H  9.07 assignable to a pyrimidine-H(2) 
proton and eight aromatic protons in agreement with the assigned structure. The 
formulation of this product as the 5-chloro-4-(2-hydroxyphenoxy) isomer (205) is 
indicated by the pyrimidine-H(2) resonance which lies in the same region as for 
example the dimethoxy or 5-chloro-4-methoxy derivatives (193a) and (194a). 
Intramolecular cyclisation of the 5-chloro-4-(2-hydroxyphenoxy) derivative (205) was 
achieved by treatment with sodium hydride in dimethylformamide followed by 
heating at 100°C affording benzo[b]-1 ,4-dioxepino[2,3,4-de]pyrimido[5,4-c]quinoline 
in 35% yield. The assigned structure is in full agreement with its combustion 
analysis and spectroscopic data. Thus, the I  H nmr spectrum shows a one proton 
singlet at 0H  9.24 assignable to a pyrimidine-H(2) proton and eight aromatic protons 
in the region 6H  8.96-7.20. Also isolated in this reaction was a beige coloured solid 
in 31% which has been identified as the 4-(2-hydroxyphenoxy)-5-oxo derivative 
on the basis of its ir, 1 H nmr and accurate mass spectra. The ii spectrum 
shows a broad band at 3380 cm -1 attributable to NH and OH functionality and a 
band at 1670 cm 1 consistent with a lactam carbonyl group while the "H nmr 
spectrum shows a broad D20 exchangeable one proton signal at 0H  13.10-12.60, a 
D20 exchangeable one proton singlet at 0H  9.42, a singlet at 0H  8.55 assignable to 
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with the assigned structure (207). However, no satisfactory combustion analysis 
could be obtained for this compound. 
Attention was next turned to the nucleophilic substitution (Scheme 54) of the 
dichloro compound (174) with nitrogen nucleophiles. Treatment of the dichloro 
compound (174) with liquid ammonia gave a yellow solid in quantitative yield whose 
formulation as the mono substituted 4-amino-5-chloropyrimido[5,4-c]quinoline 
(208a) is in agreement with its combustion analysis and spectroscopic properties. 
The ir spectrum shows two bands at 3471 and 3295 cm 1 attributable to a primary 
amino group while the 1 H nmr spectrum shows two D20 exchangeable protons, 
four aromatic protons and a one proton singlet at 5H  8.72 assignable to a 
pyrimidine-H(2) proton in agreement with its assigned structure. The identification of 
this product as the 4-amino-5-chloro isomer (208a), where the anticipated more 
reactive 4-chloro group has been substituted, is indicated by a comparison of the 
pyrimidine-H(2) resonance (6H  8.72) with the pyrimidine-H(2) resonance (oH  8.74) 
of the 5-chloro-4-(N,N-dimethylamino) derivative (208e) whose structure was 
unequivocally established by X-ray analysis (see Figure 20 and Tables 17 and 18, p 
311). The 4-amino-5-chloropyrimidoquinoline. (208a) was also obtained in 
quantitative yield by passing a stream of ammonia through a solution of the dichloro 
compound (174) in dioxane at room temperature for one hour. 
The attempted synthesis of the 4,5-diamino derivative (209a), by passing an 
ammonia stream through a solution of the 4-amino-5-chloro compound (208a) in 
dioxane at 90°C, or by heating the 4-amino-5-chloro compound (208a) with a 
saturated solution of ammonia in dioxane in a closed pressure tube at 80°C, or by 
heating a suspension of the 4-amino-5-chloro compound (208a) in liquid ammonia 
in a closed pressure tube for one hour to 80°C, gave only the unreacted starting 
material (208a) in high yields. 
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Treatment of a solution of the dichloro compound (174) in dioxane with two moles of 
benzylamine at room temperature for fifteen minutes gave the mono substituted 5-
chloro-4-(N-benzylamino) derivative (208b) in 98% yield. The assigned structure is 
in agreement with the product's combustion analysis and its ir, 1 H and 13C nmr and 
mass spectra. 
When the dichloro compound (174) was heated with four moles of benzylamine in 
dioxane under reflux for twenty-four hours a mixture of the mono and disubstituted 
products (208b) and (209b) was obtained. The mono substituted 5-chloro-4-(N-
benzylamino) derivative (208b) was isolated in 30% yield while the disubstituted 
product was isolated in 60% yield. The structural assignment as the 4,5-di-(N-
benzylamino) derivative (209b) follows from its combustion analysis and its ir and 
accurate mass spectra. The ir spectrum shows two bands at 3269 and 3203 cm 1 
attributable to two secondary amino groups in agreement with the assigned 
structure (209b). However, it was not possible to record a 1 H nmr spectrum of this 
product since it precipitated out of solution when dissolved in hexadeuterio 
dimethylsulfoxide and it was insoluble in deutero chloroform. The 4,5-di-(N-
benzylamino) derivative (209b) was obtained exclusively in 78% yield on rapid 
heating of the dichloro derivative (174) in neat benzylamine to reflux. It is 
noteworthy that the structure of 4,5-di-(N-benzylamino) derivative (209b) is closly 
related to 1,8-bis(N,N-dimethylamino)-naphthalene (Proton Sponge®), 136 a very 
strong base with weak nucleophilic character due to steric effects. 
Attempted debenzylation of the 4,5-di-(N-benzylamino) derivative (209b) with 
sodium in liquid ammonia failed to give the 4,5-diamino derivative (209a), this 
reaction resulting in the formation of a complex mixture of products from which no 
identifiable material could be obtained. 
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In contrast to the rapid formation of the 5-chloro-4-(N-benzylamino) derivative 
(208b) formation of the 4-chloro-5-anilino derivative (208d) required four hours 
treatment of the dichloropyrimidoquinoline (174) with two moles of aniline at room 
temperature for complete consumption of the starting material. The 4-chloro-5-
anilino derivative (208d) was isolated as a colourless solid in 84% yield and its 
assigned structure is in full agreement with its combustion analysis and 
spectroscopic properties. The ir spectrum shows a band at 3378 cm 1 attributable 
to a secondary amino group while the 1  H nmr spectrum shows a singlet at 6H 9.66 
assignable to a NH group, a singlet at 8H  8.92 assignable to a pyrimidine-H(2) 
proton and nine aromatic protons all in full agreement with the assigned structure. 
Heating the dichloro compound (174) with four moles of aniline in dioxane for 
twenty-four hours under reflux gave the 4,5-dianilino derivative (209d) as a yellow 
solid in quantitative yield. The assigned structure is in full agreement with its 
combustion analysis and spectroscopic properties. The 4,5-dianilino derivative 
(209d) crystallised from acetic acid as yellow needles of suitable quality for X-ray 
diffraction analysis (Figure 19 and Tables 15 and 16) which conclusively established 
its structure. The X-ray diffraction analysis showed that it cocrystallised with one 
molecule of acetic acid, as a tautomer with an exocyclic double bond (between the 
C-5 of pyrimidoquinoline and the nitrogen atom of the 5-anilino substituent) and a 
hydrogen atom on the quinoline ring nitrogen. 
The more reactive 4-chloro group in the dichloropyrimidoquinoline (174) can also be 
displaced under mild conditions by amino acids as shown by the example of glycine 
ethyl ester. Thus, treatment of the dichloro compound (174) with glycine ethyl ester 
hydrochloride with the presence of triethylamine in dioxane at room temperature 
gave ethyl N-(5-chloropyrimido[5,4-c]quinolin-4-yl)glycinate (208c) in 98% yield 
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X-Ray Diffraction Data for 4,5-DianilinopyrimidoF5,4-clguinoline (209d) 
Table 15: Bond Lengths (Angstroms) with Standard Deviations 
N(l) - C(2) 1.364 (4) C(43) - C(44) 1.388(5) 
N(l) - C(14) 1.389(4) C(44) - C(45) 1.372(6) 
C(2) - N(21) 1.291 (4) C(45) - C(46) 1.371 (6) 
C(2) - C(3) 1.472(4) C(46) - C(47) 1.383(5) 
N(21) - C(22) 1.422(4) N(5) - C(6) 1.316(4) 
C(22) - C(27) 1.380(5) C(6) - N(7) 1.335(4) 
C(22) - C(23) 1.381(5) N(7) - C(8) 1.359(4) 
C(23) - C(24) 1.385(5) C(8) - C(9) 1.460(4) 
C(24) - C(25) 1.373(6) C(9) - C(14) 1.397(4) 
C(25) - C(26) 1.373(6) C(9) - C(10) 1.407(4) 
C(26) - C(27) 1.385(5) C(10) - C(11) 1.364(5) 
C(3) - C(8) 1.386(4) C(1 1)- C(12) 1.387(4) 
C(3) - C(4) 1.428(4) C(12) - C(13) 1.380(5) 
C(4) - N(41) 1.339(4) C(13) - C(14) 1.396(5) 
C(4) - N(5) 1.352(4) 0(1 S) - C(2S) 1.321(5) 
N(41) - C(42) 1.415(4) 0(28) - C(2S) 1.209(5) 
C(42) - C(43) 1.372(5) C(1S) - C(2S) 1.498(5) 
C(42) - C(47) 1.383(5) 
Table 16: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(14) 125.1 (3) - C(44) - C(43) 120.4(4) 
N(21) - C(2) - N(1) 124.1 (3) - C(45) - C(44) 118.9(4) 
N(21) - C(2) - C(3) 119.8(3) C(45) - C(46) - C(47) 121.4(4) 
N(1) - C(2) - C(3) 116.1 (3) C(46) - C(47) - C(42) 119.4(4) 
C(3)- N(21) - C(22) 123.0(3) C(6) - N(5) - C(4) 116.1 (3) 
C(27) - C(22) - C(23) 118.9(3) N(5) - C(6) - N(7) 129.2(3) 
C(27)-C(22)- N(21) 117.5(3) C(6)- N(7)-C(8) 114.9(3) 
C(23) - C(22) - N(21) 123.3(4) N(7) - C(8) - C(3) 122.1 (3) 
C(22) - C(23) - C(24) 120.5(4) N(7) - C(8) - C(9) 117.9(3) 
C(25) - C(24) - C(23) 120.4(4) C(3) - C(8) - C(9) 120.1 (3) 
C(26) - C(25) - C(24) 119.3(4) C(14) - C(9) - C(10) 118.3(3) 
C(25) - C(26) - C(27) 120.7(5) C(14) - C(9) - C(8) 118.3(3) 
C(22) - C(27) - C(26) 120.2(4) C(10) - C(9) - C(8) 123.3(3) 
C(8) - C(3) - C(4) 117.1(3) C(11) - C(10) - C(9) 120.9(3) 
C(8) - C(3) - C(2) 120.6(3) C(10) - C(1 1) - C(12) 120.1(3) 
C(4) - C(3) - C(2) 122.3(3) C(13) - C(12) - C(11) 120.7(3) 
N(41) - C(4) - N(5) 118.8(3) C(12) - C(13) - C(14) 119.3(3) 
N(41)- C(4)- C(3) 120.5(3) N(1) - C(14) - C(13) 119.7(3) 
N(5) - C(4) - C(3) 120.6(3) N(1) - C(14) - C(9) 119.7(3) 
C(4) - N(41) - C(42) 128.7(3) C(13) - C(14) - C(9) 120.7(3) 
C(43) - C(42) - C(47) 119.5(3) 0(2S) - C(2S) - 0(IS) 123.1(4) 
C(43) - C(42) - N(41) 118.0(3) 0(2S) - C(2S) - C(IS) 123.6(4) 
C(47) - C(42) - N(41) 122.4(3) C(1S) - C(2S) - C(1S) 113.3(4) 
C(42) - C(43) - C(44) 120.3(4) 
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spectroscopic properties. The ir spectrum shows bands at 3404 and 1740 cm 1 
attributable to a secondary amino group and to the carbonyl group of an ester 
substituent, respectively while the 'H nmr spectrum shows a one proton singlet at 
811 8.84 assignable to a pyrimidine-H(2) proton, a broad one proton triplet at 6H 
8.48 assignable to a NH proton, four aromatic protons, a two proton doublet at 8H 
4.44, with J 4.6 Hz, assignable to a methylene group and a two proton quartet and a 
three proton triplet centred at 811  4.31 and 1.34, with J 7.1 Hz, assignable to a ethyl 
moiety of an ester group in full agreement with its assigned structure (208c). 
Nucleophilic substitution of the dichloro derivative (174) with secondary amines was 
also investigated. Treatment of the dichloro compound (174) with four moles of 40% 
w/w aqueous dimethylamine in tetrahydrofuran at room temperature or with a large 
excess of 40% w/w aqueous dimethylamine in dimethoxyethane under reflux gave 
only the monosubstituted 5-chloro-4-N , Ndimethylaminopyrimido[5,4-C]qUinolifle 
(208e) in 79% and 93% yield respectively, with no sign of any disubstituted product. 
The 1 H nmr spectrum of the product shows a one proton singlet at 811  8.74 
assignable to a pyrimidine-H(2) proton, four aromatic protons and a six proton 
singlet at 8H  3.28 assignable to an N,N-dimethylamino group in full agreement with 
its assigned structure. The assigned structure of the product (208e) is also in 
agreement with its combustion analysis and with its other spectroscopic properties. 
The structure of this product as the 5-chloro-4-N,N-dimethylamiflO derivative (208e) 
was unequivocally established by single crystal X-ray analysis (see Figure 20 and 
Tables 17 and 18). 
Attempted nucleophilic substitution of the chloro substituent in the 5-chloro-4-N,N-
dimethylamino derivative (208e), by heating in methanol under reflux [conditions 
which displaced both chloro groups in the dichloro derivative (174)] was 







X-Ray Diffraction Data for 5-Chloro-4-N,N-dimethylaminopyrimidoF5.4-c]guinoline 
(208e) 
Table 17: Bond Lengths (Angstroms) with Standard Deviations 
N(1) - C(2) 1.331 (4) N(6) - C(6A) 1.380(4) 
N(1) - C(IOB) 1.357(4) C(6A) - C(7) 1.407(4) 
C(2) - N(3) 1.328(4) C(6A) - C(1OA) 1.408(4) 
N(3) - C(4) 1.334(4) C(7) - C(8) 1.363(5) 
C(4A) - C(IOB) 1.399(4) C(8) - C(9) 1.398(5) 
C(4A) - C(5) 1.440(4) C(9) - C(10) 1.377(5) 
C(4A)-C(4) 1.446(4) C(10)-C(IOA) 1.399(4) 
C(4) - N(41) 1.346(4) C(1OA) - C(1 OB) 1.446(4) 
Cl(5) - C(5) 1.746 (3) N(41) - C(42) 1.462(4) 
C(5)-N(6) 1.286(4) N(41)-C(43) 1.464(4) 
Table 18: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(10B) 114.0(2) C(IOA) - C(6A) - C(7) 119.5(3) 
N(3) - C(2) - N(1) 128.4(3) C(8) - C(7) - C(6A) 119.3(3) 
C(2) - N(3) - C(4) 117.7(2) C(7) - C(8) - C(9) 121.9(3) 
C(IOB) - C(4A) - C(5) 115.4(2) C(10) - C(9) - C(8) 119.3(3) 
C(IOB) - C(4A) - C(4) 115.7(2) - C(10) - C(IOA) 120.3(3) 
C(S) - C(4A) - C(4) 128.7(3) C(6A) - C(IOA) - C(10) 119.6(3) 
N(3) - C(4) - N(41) 116.6(2) - C(IOA) - C(10B) 122.9(3) 
N(3) - C(4) - C(4A) 119.0(2) C(6A) - C(IOA) - C(IOB) 117.5(2) 
N(41) - C(4) - C(4A) 124.4(3) N(1) - C(IOB) - C(4A) 123.1(3) 
N(6) - C(5) - C(4A) 125.7(3) N(1) - C(IOB) - C(10A) 117.6(2) 
N(6) - C(5) - Cl(5) 114.7(2) C(4A) - C(1OB) - C(1OA) 119.3(3) 
C(4A) - C(S) - CI(5) 119.1(2) C(4) - N(41) - C(42) 118.2(3) 
C(S) - N(6) - C(6A) 118.1(2) C(4) - N(41) - C(43) 122.7(3) 
N(6) - C(6A) - C(7) 185.2(3) C(42) - N(41) - C(43) 114.0(2) 
N(6) - C(6A) - C(IOA) 122.1(3) 
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attempt to substitute the chloro substituent in the compound (208e) it was heated 
with two moles of sodium methoxide in methanol under reflux for one hour. A 
colourless solid product was isolated in 58% yield together with 48% of unreacted 
starting material. The product was identified as the previously described dimethoxy 
derivative (1 93a) and not the expected 5-methoxy-4-N, N-dimethylamino derivative. 
Treatment of the dichloro compound (174) with two moles of benzylmethylamine in 
dioxane at room temperature for fifteen minutes or under reflux for three hours or 
with four moles of benzylmethylamine in dioxane under reflux for twenty four hours 
gave only the mono substituted 5-chloro-4-(N,N-benzylmethylamino)pyrimido[5,4-
c]quinoline (2080 in 97%, 86% and 90% yield respectively, whose assigned 
structure is in full agreement with its combustion analysis and spectroscopic data. 
When the 5-chloro-4-(N,N-benzylmethylamino) derivative (2080 was heated with 
two moles of sodium methoxide in methanol under reflux for eleven hours (by which 
time tic showed complete consumption of the stating material) a colourless solid 
was isolated in 83% yield. This compound was identified as the previously described 
dimethoxy derivative (193a) formed by displacement of both the chloro group and 
the N,N-benzylmethylamino substituent. 
Reaction of the dichloro compound (174) with two moles of the secondary amine, 
piperidine, in dioxane at room temperature for fifteen minutes or with four moles of 
piperidine in dioxane under reflux for twenty four hours again gave the mono 
substituted 5-chloro-4-piperidinopyrimido[5,4-c]quinoline (208h) in 92% yield and a 
mixture of the mono and disubstituted derivative (208h) and (209h) in 67% and 23% 
yield respectively. The assigned structures of these products are in full agreement 
with their combustion analysis and spectroscopic data. The structure the 5-chloro-4-
piperidino derivative (208h) was unequivocally established by single crystal X-ray 






X-Ray Diffraction Data for 5-Chloro-4-(piperidin-1-yl)pyrimidoF5,4-clguinoline (208h) 
Table 19: Bond Lengths (Angstroms) with Standard Deviations 
N(1) - C(2) 1.282(3) C(9) - C(14) 1.406(3) 
N(1) - C(14) 1.392(3) C(9) - C(1O) 1.408(3) 
C(2) - C(3) 1.432(3) C(10) - C(11) 1.365(4) 
C(2) - CI(2) 1.758(2) C(11) - C(12) 1.403(4) 
C(3) - C(8) 1.406(3) C(12) - C(13) 1.367(4) 
C(3) - C(4) 1.438(3) C(13) - C(14) 1.404(3) 
C(4) - N(5) 1.343(3) N(41) - C(46) 1.464(3) 
C(4) - N(41) 1.353(3) N(41) - C(42) 1.474(3) 
N(5) - C(6) 1.329(3) C(42) - C(43) 1.515(4) 
C(6) - N(7) 1.325(3) C(43) - C(44) 1.518(4) 
N(7) - C(8) 1.361(3) C(44) - C(45) 1.524(4) 
C(8) - C(9) 1.440(3) C(45) - C(46) 1.518(4) 
Table 20: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(14) 117.1(2) C(14) - C(9) - C(8) 118.0(2) 
N(1) - C(2) - C(3) 126.8(2) C(10) - C(9) - C(8) 122.9(2) 
N(1)-C(2)-Cl(2) 114.1(2) C(11)-C(10)-C(9) 120.1 (2) 
C(3) - C(2) - Cl(2) 118.6(2) C(10) - C(11) - C(12) 120.7(2) 
C(8) - C(3) - C(2) 115.1 (2) C(13) - C(12) - C(1 1) 120.3(2) 
C(8) - C(3) - C(4) 115.5(2) C(12) - C(13) - C(14) 119.9(2) 
C(2) - C(3) - C(4) 129.3(2) N(1) - C(14) - C(13) 117.9(2) 
N(5) - C(4) - N(41) 117.2(2) N(1) - C(14) - C(9) 122.0(2) 
N(5) - C(4) - C(3) 118.8(2) C(13) - C(14) - C(9) 119.9(2) 
N(41) - C(4) - C(3) 124.0(2) C(4) - N(41) - C(46) 122.2(2) 
C(6)- N(5) - C(4) 116.9(2) C(4) - N(41) - C(42) 120.3(2) 
N(7) - C(6) - N(5) 129.0(2) C(46) - N(41) - C(42) 112.8(2) 
C(6) - N(7) - C(8) 113.7(2) N(41) - C(42) - C(43) 111.8(2) 
N(7) - C(8) - C(3) 122.7(2) - C(43) - C(44) 110.9(2) 
N(7) - C(8) - C(9) 118.5(2) - C(44) - C(45) 110.2(2) 
C(3) - C(8) - C(9) 118.8(2) C(46) - C(45) - C(44) 111.3(2) 
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The synthesis of 5-chloro-4-(N-cyanomethyl-N-methylamino)pyrim ido[5,4-c]-
quinoline (208g), as a yellow solid in 93% yield, was accomplished by treatment of 
the dichloro derivative 0 with N-methylaminoacetonitrile hydrochloride in dioxane, in 
the presence of triethylamine, at room temperature for five hours. The structure of 
this compound is in full agreement with its combustion analysis and spectroscopic 
properties. The 5-chloro-4-(N-cyanomethyl-N-methylamino) derivative (208g) 
crystallised as colourless blocks of suitable quality for X-ray diffraction analysis (see 
Figure 22 and Tables 21 and 22) which conclusively established its structure. 
Nucleophilic substitution (Scheme 55) of the 4-amino-5-chloro derivative (208a) was 
also investigated. Basic hydrolysis with 2M aqueous sodium hydroxide in dioxane at 
reflux gave a yellow solid, in quantitative yield, which is formulated as 4-amino-5,6-
dihydro-5-oxopyrimido[5,4-c]quinoline (210) on the basis of its ir, 1 H nmr and 
accurate mass spectra. The ir spectrum of this compound (210) contained bands at 
3369 and 3256 cm 1 and 3102 br and 1669 cm 1 attributable to the NH absorption 
of a primary amino group and the NH and carbonyl absorption of a lactam group, 
while its 1 H nmr spectrum shows a D20 exchangeable one proton singlet at 8H 
11.91 assignable to a lactam NH-group, two D20 exchangeable one proton 
doublets at oH  8.93 and 8.28, with J 4.0 Hz, assignable to a primary amino group, a 
one proton singlet at 8H  8.68 assignable to a pyrimidine-H(2) proton and four 
aromatic protons, all of which data is in full agreement with its assigned structure 
(210). The combustion analysis of this product showed that it crystallised as a 
hemihydrate. 
The 4-amino-5-oxo derivative (210) was also obtained in 95% yield by heating the 
4-amino-5-chloro derivative (208a) in glacial acetic acid under reflux. 
Nucleophilic substitution of the 4-amino-5-chloro derivative (208a) with sodium 
methoxide in methanol under reflux gave the mono-substituted 4-amino-5-methoxy 
317 
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X-Ray Diffraction Data for 5-Chloro-4-(N-cyanomethyl-N-methylamino)pyrimido-
[5,4-ciguinoline (208g) 
Table 21: Bond Lengths (Angstroms) with Standard Deviations 
N(1)-C(2) 1.286(2) C(44)-N(45) 1.135(2) 
N(1) - C(14) 1.384(2) N(5) - C(6) 1.333(2) 
C(2)-C(3) 1.443(2) C(6)-N(7) 1.319(2) 
C(2) - Cl(2) 1.746(2) N(7) - C(8) 1.354(2) 
C(3) - C(8) 1.408(2) C(8) - C(9) 1.444(2) 
C(3) - C(4) 1.433(2) C(9) - C(14) 1.400(2) 
C(4) - N(5) 1.334(2) C(9) - C(10) 1.407(2) 
C(4) - N(41) 1.364(2) C(10) - C(11) 1.375(2) 
N(41) - C(43) 1.458(2) C(11) - C(12) 1.395(3) 
N(41) - C(42) 1.466(2) C(12) - C(13) 1.368(3) 
C(43) - C(44) 1.473(2) C(13) - C(14) 1.410(2) 
Table 22: Bond Angles (Degrees) with Standard Deviations 
- N(1) - C(14) 118.2 (1) N(7) - C(6) - N(S) 128.4(2) 
N(1)-C(2)-C(3) 125.8(2) C(6)- N(7)-C(8) 114.7(1) 
N(1) - C(2) - Cl(2) 114.4 (1) N(7) - C(8) - C(3) 122.5 (1) 
- C(2) - Cl(2) 119.3 (1) N(7) - C(8) - C(9) 118.5 (1) 
C(8) - C(3) - C(4) 115.6 (1) C(3) - C(8) - C(9) 119.0(1) 
C(8) - C(3) - C(2) 115.5(1) C(14) - C(9) - C(10) 119.8(2) 
C(4) - C(3) - C(2) 128.7 (1) C(14) - C(9) - C(8) 118.0(1) 
N(5)- C(4)- N(41) 116.3 (1) - C(9) - C(8) 122.3(2) 
N(5) - C(4) - C(3) 119.8 (1) -C(10)- C(9) 119.8(2) 
N(41) - C(4) - C(3) 124.0(1) C(10) - C(11) - C(12) 120.4(2) 
C(4) - N(41) - C(43) 117.4(1) - C(12) - C(1 1) 120.7(2) 
C(4) - N(41) - C(42) 121.9(1) - C(13) - C(14) 120.0(2) 
C(43) - N(41) - C(42) 114.1(1) N(1) - C(14) - C(9) 122.3 (1) 
N(41) - C(43) - C(44) 113.3 (1) N(1) - C(14) - C(13) 118.2(2) 
N(45) - C(44) - C(43) 179.4(2) C(9) - C(14) - C(13) 119.3(2) 
C(6)-N(5)-C(4) 117.1(1) 
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derivative (211) in 83% yield. This behaviour contrast with the 5-chloro-4-N,N-
dimethylamino and the 5-chloro-4-N,N-benzylmethylamino derivatives (208e) and 
(208f) where both the chioro and the amino groups were substituted by methoxide. 
The ir spectrum of the product (211) shows two bands at 3471 and 3293 cm 1 
attributable to a primary amino group, while its 1 H nmr spectrum shows a two 
proton multiplet at 5H  8.70-8.66 assignable to an aromatic proton and a pyrimidine-
H(2) proton, a one proton singlet at 8H  8.25 assignable to an amino group, a three 
proton multiplet at oH  7.85-7.73 assignable to two aromatic protons and to an amino 
group, a one proton multiplet at 8H  7.54-7.48 assignable to an. aromatic proton and 
a three proton singlet at 0H  4.15 due to a methoxy group in agreement with its 
assigned structure. The formulation of this product as the 4-amino-5-methoxy 
derivative (211) is also in full agreement with its combustion analysis and with the 
rest of its spectroscopic data. However, it cannot be excluded that the isolated 
product is in fact the 5-amino-4-methoxy isomer. 
In an attempt to substitute the chloro group with benzylamine, the 4-amino-5-chloro 
derivative (208a) was treated with two moles of benzylamine in dioxane under reflux 
for three hours. These conditions resulted only in the isolation of unreacted starting 
material (208a) (33%) together with intractable solids. When the reaction of the 4-
amino-5-chloro derivative (208a) was carried out with an excess of benzylamine in 
dioxane under reflux for twenty four hours a colourless solid was isolated in 49% 
yield whose formulation as the 4-amino-5-N-benzylamino derivative (212) is in 
agreement with its combustion analysis and spectroscopic properties. Thus, its ir 
spectrum shows three bands at 3435, 3371 and 3294 cm 1 attributable to NH 
functionality, while its 1 H nmr spectrum shows two D20 exchangeable one proton 
doublets at 0H  10.78 and 7.94, with J 5.8 Hz, assignable to a primary amino group, 
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group, a one proton singlet at oH  8.44 assignable to a pyrimidine-H(2) proton, nine 
aromatic protons and a two proton singlet at 0H  4.49 assignable to a methylene 
group, all of which data is in full agreement with the assigned structure (212). Also 
isolated in the reaction of the 4-amino-5-chloro derivative (208a) with benzylamine 
was 11% of unreacted starting material (208a). 
In an attempt to optimise this reaction the 4-amino-5-chloro derivative (208a) was 
rapidly heated, in neat benzylamine, to reflux. However, under these conditions the 
previously described 4,5-dibenzylamino derivative (209b) where both the chloro 
group and the amino group were displaced by benzylamine, was isolated in 91% 
yield. 
Attempted nucleophilic substitution of the 4-amino-5-chloro derivative (208a) by 
heating with glycine ethyl ester hydrochloride in dioxane in the presence. of 
triethylamine at reflux to afford ethyl N-(4-aminopyrimido[5,4-c]quinolin-5-
yl)glycinate (213) gave only unreacted starting material which was recovered in 
quantitative yield. 
An attempt to induce thermal condensation (Scheme 56) of two molecules of (208a) 
to the heptacyclic azepine derivative (214), by elimination of two moles of 
hydrochloric acid, resulted in the isolation of an orange foam from which no 
identifiable material could be obtained. 
Also the attempted acylation of the 4-amino-5-chloro derivative (208a), by heating 
with cyano acetyl chloride in toluene under reflux, to give the acylated derivative 
(215) resulted only in the isolation of unreacted starting material in 43% yield, the 
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Scheme 57 
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The 4-amino-5-chloro derivative (208a) was also reacted with phenyl isocyanate. It 
was anticipated that the amine (208a) would react with phenyl isocyanate to give a 
phenyurea derivative which might then cyclise to the fused tetracyclic derivative 
(217). In practice, heating a solution of the 4-amino-5-chloro derivative (208a) in 
dioxane with phenyl isocyanate under reflux for two hours gave a colourless solid. 
The 1  H nmr and mass spectra of this solid is consistent with it being a 3:2 mixture 
of the urea derivative (216) and the fused tetracyclic derivative (217) obtained in 
24% and 15% yield respectively. Formation, of the urea derivative (216) is 
presumably the result of hydrolysis of the chloro group in an initially formed 
phenylurea derivative. The fused tetracyclic derivative (217) was obtained 
exclusively in 88% yield when the 4-amino-5-chloro derivative (208a) was heated 
with phenyl isocyanate in dioxane under reflux for four hours instead of two hours. 
The assigned structure of this product (217) is in full agreement with its combustion 
analysis and spectroscopic data. Thus, its ir spectrum shows a broad band at 
3375cm-1 and a band at 1667 cm 1 attributable to the NH and carbonyl absorption 
of a lactam group. Correspondingly the 1  H nmr spectrum shows a broad one proton 
signal at oH  11.28 assignable to an NH group, a one proton singlet at 0H  9.20 due 
to a pyrimidine-H(2) proton and signals due to nine aromatic protons. 
The reaction (Scheme 57) of the dichioro compound (174) with tertiary amines was 
also investigated. Attempted synthesis of the mono and/or di-quaternary ammonium 
salts (218) and/or (218) by treatment of a solution of the dichloro compound (174) in 
tetrahydrofuran with triethylamine at room temperature or by heating a suspension 
of the dichloro compound (174) in neat triethylamine under reflux gave, in both 
cases, only the unreacted stating material (174) in quantitative yield. The reaction of 
the dichioro compound (174) with triethylamine was also carried out in dioxane at 
80°C, in order to obtain a solution, but again gave only unreacted starting material 
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The reaction of the dichloro compound (174) with pyridine was also investigated. It 
was anticipated that this could lead to the mono and/or di-pyridinium salts (220) 
and/or (221) and that via the di-pyridinium salt derivative (221) it might be possible 
to access the diamino derivative (209a) by cleavage of the two pyridinium rings with 
piperidine. 137 Disappointingly, it was not possible to obtain the mono and/or di-
pyridinium salt derivatives (220) and/or (221). Treatment of a solution of the dichloro 
compound (174) in dioxane with pyridine under reflux gave only unreacted starting 
material (93%), while heating the dichloro compound (174) in pyridine at 100°C for 
one hour resulted in the formation of an intractable brown gum. In a further attempt 
to synthesise the salts (220) and/or (221), a mixture of the dichioro compound (174) 
in pyridine was rapidly heated to reflux and then cooled to 0°C. Under these 
conditions a complex mixture of products was formed from which only small 
amounts of the unreacted starting material (174) and the 5-chloro-4-oxo derivative 
(192) could be isolated, in 8% and 9% yield respectively. 
The behaviour (Scheme 58) of the dichloro compound (174) and the 4-amino-5-
chloro derivative (208a) towards reaction with hydrazine was also examined. 
Attempted cyclo-condensation of the dichloro compound (174) by treatment with 
one equivalent of hydrazine hydrate in dioxane at room temperature resulted in the 
isolation of an orange solid in 78% yield which was tentatively identified as the 
disubstituted hydrazine derivative (222) rather than the alternative cyclic product 
(225) on the basis of its ir and accurate mass specta. The formation of the product 
(222) can be envisaged to occur by initial formation of a 5-chloro-4-hydrazino 
intermediate (224). This then reacts intermolecularly with the more reactive 
pyrimidine chloro group of a second molecule of the dichloro compound (174) 
present in the reaction mixture to give the isolated product (222) rather than 
i ntra molecularly to give the alternative cyclic product (225). 
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Synthesis of the mono substituted 5-chloro-4-hydrazino derivative (224) was 
achieved in quantitative yield by addition of a solution of. the dichioro compound 
(174) to an excess of hydrazine hydrate in dioxane at room temperature, conditions 
which favour mono substitution. The ir spectrum shows three bands at 3424, 3307 
and 3201 cm 1 attributable to the various NH groups. The 1  H nmr spectrum shows 
two broad D20 exchangeable one and two proton signals at oH  9.53 and 5.27 
respectively assignable to NH functionality, a two proton multiplet at 0H  8.90-8.65 
due to an aromatic proton and a pyrimidine-H(2) proton and three further aromatic 
protons. All of this data is in full agreement with the product's assigned structure 
(224). The formulation of this product as the 5-chloro-4-hydrazino derivative (224) is 
also in full agreement with its combustion analysis and other spectroscopic data. 
Attempted intramolecular cyclisation of the 5-chloro-4-hydrazino derivative (224) to 
the tetracyclic system (225) by heating in dioxane under reflux resulted only in the 
formation of an intractable orange red solid. 
The disubstituted 4,5-dihydrazino derivative (223) was formed by addition of a 
solution of the dichioro compound (174) to an excess of hydrazine monohydrate in 
dioxane at room temperature followed by heating of the reaction mixture under 
reflux and was isolated as a yellow solid in 96% yield. The structure assigned to this 
product is in agreement with its combustion analysis and spectroscopic properties. 
Thus, its ir spectrum shows three broad bands at 3292, 3266 and 3161 attributable 
to NH groups, while the 1 H nmr spectrum shows a one proton singlet at 6H  10.83 
assignable to NH functionality, a one proton singlet at 0H  8.44 assignable to a 
pyrimidine-H(2) proton, four aromatic protons and two broad three and two proton 
signals at 8H  6.58 and 4.98, respectively assignable to NH functionality all of which 
is in full agreement with the assigned structure (223). 
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In an attempt to obtain the parent pyrimido[5,4-c]quinoline ring system by oxidative 
elimination of nitrogen, a solution of the 4,5-dihydrazino derivative (223) in 
dimethylformamide was treated with manganese(lV) oxide. However, under these 
conditions only an intractable brown solid was obtained. 
The synthesise the diamino compound (209a) was also attempted by diazotation of 
the dihydrazino derivative (223) in aqueous hydrochloric acid with sodium nitrite to 
give a bis azide derivative capable of further elaboration to the diamino compound 
(209a). However, these conditions resulted in the formation of an intractable beige 
solid from which no identifiable material could be obtained. 
Nucleophilic substitution of the 4-amino-5-chloro derivative (208a) with hydrazine 
monohydrate in dioxane under reflux gave the 4-amino-5-hydrazino derivative (226) 
in 98% yield. The structure assigned to this product is in full agreement with its 
combustion analysis and spectroscopic data. The ir spectrum shows two broad 
bands at 3333 and 3232 cm 1 attributable to NH. groups, while its 1  H rimr spectrum 
shows two D20 exchangeable one proton doublets centred at 6H  9.44 and 7.82, 
with J 5.0 Hz, assignable to a primary amino group, a one proton singlet at 8H  8.35 
assignable to a pyrimidine-H(2) proton, four aromatic protons and a broad 020 
exchangeable three proton signal at 8H  6.67 assignable to three NH protons. It was 
observed that the 4-amino-5-hydrazino derivative (226) decomposed at 267°C with 
gas evolution. In an attempt to investigate this behaviour the 4-amino-5-hydrazino 
derivative (226) was heated in a cold finger apparatus to 280-290°C but gave an 
orange brown foam which could not be characterised. 
In order to further exploit the 4,5-dichloro derivative (174) for the synthesis of 
condensed polyaza heterocycles its behaviour with bis-nucleophilic diamino 
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dinitrogen nucleophiles which should allow the fusion of a further pyrimidine ring 
onto the pyrimido[5,4-c]quinoline ring system. 
Initially, (Scheme 59) nucleophilic substitution reactions of the 4,5-dichioro 
compound (174) with amidine derivatives (227) were investigated. Thus, treatment 
of the dichloro compound (174) with one equivalent of acetamidine hydrochloride 
(227b) in dioxane in the presence of triethylamine, under reflux for three hours, 
resulted in the isolation of the tetracyclic product (228b) in 32% yield together with 
unreacted starting material (62%). The structure of the tetracyclic product (228b) is 
in full agreement with its combustion analysis and spectroscopic properties. The ir 
spectrum shows broad absorption in the region 3100-2600 cm 1 attributable to NH 
functionality while the 1 H nmr spectrum contains a one proton singlet at 8H  9.21 
assignable to a pyrimidine-H(2) proton, four aromatic protons and a three proton 
singlet at oH  2.59 assignable to a methyl group. However, no signal for the NH 
proton is observed. Increasing the amount of acetamidine hydrochloride (227b) from 
one to two equivalents and the reaction time from three to twenty one hours 
increased the yield of the tetracyclic product (228b) to essentially 100%. 
Attempted synthesis of the parent tetracycle (228a) by reaction of the dichloro 
compound (174) with formamidine acetate (227a) under the optimised conditions for 
acetamidine hydrochloride (227b) produced only an intractable yellow solid. 
Synthesis of the S-methyl substituted tetracycle (228c) was accomplished in 76% 
yield by treatment of the dichloro compound (174) with 5-methylisothiouronium 
sulphate (227c) in the presence of triethylamine as described before. The ir 
spectrum shows a broad absorption in the region 2900-2500 cm attributable to 
NH functionality, while the 1 H nmr spectrum shows a broad signal at 8H  13.21 
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pyrimidine-H(2) proton, four aromatic protons and a three proton singlet at 8H 2.61 
due to an S-methyl group. The combustion analysis of the S-methyl substituted 
tetracycle (228c) is also in full agreement with its assigned structure. 
Reaction of the dichioro compound (174) with guanidine hydrochloride (227d) in the 
presence of triethylamine under the optimised conditions gave a very insoluble 
cream coloured solid in 23% yield whose formulation as the amino substituted 
tetracycle (228d) is in full agreement with its ir, 1 H nmr and accurate mass spectra. 
The combustion analysis showed that the amino substituted tetracycle (228d) 
crystallised as a hemi hydrate. The rest of the material isolated in this reaction 
consisted of unreacted starting material (77%). By increasing the reaction time or 
using a stronger base it should be possible to improve the efficiency of this 
transformation. The amino substituted tetracycle (228d) was also obtained in good 
yield by the reaction of the 4-amino-5-chloro derivative (208a) with mono sodium 
cyanamide as will be discussed later. 
The next group of 1,1-dinitrogen nucleophiles to be investigated were five 
membered I -aza-2-amino heterocycles. Treatment (Scheme 60) of the dichloro 
compound (174) with 3-amino-5-methylisoxazole (229) in the presence of 
triethylamine in dioxane under reflux resulted in the isolation of three solid products, 
in 14%, 27%, and 18% yield respectively, together with 18% of unreacted starting 
material (174). The structures of these products are assigned as the 
isoxazolaminopyrimidoquinoline (230), the pentacyclic fused isoxazole derivative 
(231) and the triazolopyrimidoquinoline derivative (232) on the basis of their 
combustion analysis and spectroscopic data and on the assumption of the 
preferential initial reaction of the amino-group in the isoxazolamine (229) with the 
mre reactive 4-chioro group of the dichloropyrimidoquinoline (174). The ir spectrum 




















attributable to a secondary amino group, while the 1 H nmr spectrum shows a 020 
exchangeable one proton singlet at 8H  10.12 assignable to NH functionality, a one 
proton singlet at 6H  9.01 consistent with a pyrimidine-H(2) proton, four aromatic 
protons and a one proton and a three proton doublet centred at 8H  7.03 and 2.49, 
with J 0.81 Hz, assignable to a isoxazole-H(4) proton and a methyl group, 
respectively. This data is in full agreement with the assigned structure (230). 
The 1 H nmr spectrum of the proposed pentacyclic isoxazole derivative (231) shows 
a one proton singlet at 3H  9.14 assignable to a pyrimidine-H(2) proton, four 
aromatic protons and a one proton and a three proton doublet centred at 6H 6.79 
and 2.61, with J 0.95 Hz, assignable to an isoxazole-H(4) proton and a methyl group 
respectively in full agreement with the assigned structure (231). The condensed 
pentacyclic isoxazole derivative (231) is probably formed by intramolecular 
cyclisàtion of the initially formed isoxazolaminopyrimidoquinoline derivative (230). 
However, the isomeric structure, formed by nucleophilic substitution of the 4-chloro 
group of the dichloropyrimidoquinoline (174) by the isoxazole ring nitrogen, followed 
by intramolecular substitution of the 5-chloro substituent by the amino group, cannot 
be excluded for this product. 
The ir spectrum of the triazolopyrimidoquinoline derivative (232) contains a carbonyl 
stretching frequency at 1720 cm 1 , while its 'H nmr spectrum shows a one proton 
singlet at 8H  10.11 assignable to a pyrimidine-H(2) proton, four aromatic protons, a 
two proton singlet at 5H  3.31 and a three proton singlet at 8H  2.32 assignable to a 
methylene and a methyl group respectively, substantiating its assigned structure 
(232). The triazolopyrimidoquinoline derivative (232) (Scheme 61) is probably 
formed by ring-opening of the isoxazole ring of the initially formed isoxazolamino-
pyrimidoquinoline derivative (230) to give a nitrene intermediate (233) followed by 
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Scheme 62 
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quinoline derivative (232). The ring-opening of isoxazoles to keto-nitrenes is a 
known process. 138 
Nucleophilic substitution (Scheme 62) of the dichloropyrimidoquinoline derivative 
(174) with 2-aminothiazole in the presence of triethylamine in dioxane under reflux 
gave a beige coloured solid, in 83% yield which is formulated as the condensed 
pentacyclic derivative (235) on the basis of its combustion analysis and 
spectroscopic properties. Its 1 H nmr spectrum in particular shows a one proton 
singlet at 5H  9.26 assignable to a pyrimidine-H(2) proton and two one proton 
doublets centred at oH  8.25 and 7.48, with J 5.0 Hz, assignable to the two protons 
of the thiazole unit. However, this evidence is insufficent to exclude an isomeric 
structure derived by initial displacement of the 4-chloro group of the 
dichloropyrimidoquinoline (174) by the nuclear nitrogen atom of 2-aminothiazole 
rather than the amino-group. Despite intensive efforts it was not possible to obtain 
crystals of the product suitable for X-ray analysis. 
Treatment of the dichloropyrimidoquinoline (174) with 2-aminobenzothiazole, under 
the same conditions as for 2-aminothiazole, gave a beige coloured solid in 10% 
yield whose formulation as the condensed hexacyclic heterocycle (236) or its 
regioisomer is in full agreement with its combustion analysis and spectroscopic 
data. By extending the reaction time from twenty three to one hundred and sixty two 
hours it was only possible to increase the yield from 10% to 37%. 
Reaction of the dichloropyrimidoquinoline (174) with 3-amino-IH-1,2,4-triazole in 
dioxane under reflux for three hours resulted only in the isolation of unreacted 
dichloro starting material (174) in 68% yield. However, when the reaction was 
carried out in the presence of triethylamine under reflux for twenty one hours a 
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possible regioisomers] (237) is in agreement with its I  H nmr spectrum. This shows 
only two one proton singlets at oH  9.47 and 9.43 assignable to a pyrimidine-H(2) 
proton and a 1,2,4-triazole-H(5) proton, a broad 020  exchangeable one proton 
signal at 0H  12.97 due to an NH group and four aromatic protons thus 
substantiating the presence of only one of the four possible regioisomers (237). The 
assigned structure is also in full agreement with the product's combustion analysis 
and with the rest of its spectroscopic data. However, at present it is not known 
which regioisomer was formed. 
Heteroannualtion of the dichloro compound (174) with 5-amino-4-phenyl-i H-i ,2,3-
triazole 139 under standard conditions gave a yellow solid in poor yield (32%) whose 
formulation as the phenyl substituted condensed pentacyclic heterocycle (238) or its 
regioisomer is in full agreement with its ir, 1 H nmr and accurate mass spectra. The 
rest of the material isolated in this reaction consisted of intractable solids. 
Attempted heteroannulation of the dichloropyrimidoquinoline (174) with 2-amino-
I ,3,4-thiadiazole under standard conditions gave only a complex, beige coloured 
solid which defied characterisation. 
Reaction (Scheme 63) of the dichloropyrimidoquinoline (174) with 5-amino-I 2,3,4-
tetrazole monohydrate (240) in the presence of triethylamine in dioxane under reflux 
for three hours gave a yellow solid in 71% yield which was formulated as the open 
chain azide tautomer (241) on the basis of its ir and accurate mass spectra. The ir 
spectrum shows broad absorption in the region 3200-2300 cm 1 attributable to an 
NH group and a small and a large band at 2196 and 2131 cm 1 respectively 
attributable to an azide group in agreement with the proposed structure (241). 
However, a satisfactory combustion analysis could not be obtained for the proposed 
open chain azide tautomer (241) presumably due to its instability. This compound 
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was converted, on repeated crystallisation from dimethylsulfoxide, into the ring-
closed tetrazole tautomer (242) and/or (243) identified on the basis of its ir and 
mass spectra. The ir spectrum shows only broad absorption in the region 3200-
2300 cm 1 attributable to NH functionality and no absorption in the azide region, in 
agreement with the proposed structure (242) and/or (243). However, as was the 
case for the proposed azide tautomer (241) no satisfactory combustion analysis 
could be obtained. The 1 H nmr spectra of the proposed open chain azide tautomer 
or the ring-closed tetrazole tautomer (242) and/or (243) in hexadeuterio 
dimethylsulfoxide show that both in fact exist as a 4:2:1 mixture of the three 
possible tautomers (241), (242) and (243). Thus, the 1 H nmr spectra show a broad 
D20 exchangeable three proton signal at 6H  13.66 assignable to the NH protons of 
the three tautomers (241), (242) and (243), three one proton singlets at SH  9.56, 
9.17 and 8.98 assignable to pyrimidine-H(2) protons of the three tautomers (241), 
and (243) and twelve aromatic protons. The formation of the open chain azide 
tautomer (241) and the ring-closed tetrazole tautomers (242) and (243) is a case of 
the well known 140 azide-tetrazole ring-chain tautomerism. Repetition of this 
reaction under extended reaction time (twenty one hours instead of three hours) 
gave the proposed azide tautomer (241) in 90% yield. 
Heteroannulation of the dichloropyrimidoquinoline (174) with six membered 1-aza-2-
amino heterocycles was also investigated. Thus, heating (Scheme 64) the dichioro 
compound (174) with one equivalent of 2-aminopyridine in dioxane under reflux for 
three hours gave a yellow solid in 39% yield which was identified as the pentacyclic 
fused pyridinium salt (244) or its regioisomer on the basis of its ir, 1 H nmr and mass 
spectra. The ir spectrum shows broad absorption in the region 2900-2400 cm 1 
attributable to NH, while the 1 H nmr spectrum shows a one proton singlet at6H 
9.84 assignable to a pyrimidine-H(2) proton and seven aromatic protons in 
340 
agreement with its formulation as the pyridinium salt (244). However, no signal for 
the NH proton could be observed. The combustion analysis of the product showed 
that the pyridinium salt (244) crystallised as a monohydrate. Repetition of the 
reaction of the dichloropyrimidoquinoline (174) with 2-aminopyridine under extended 
reaction time (twenty one hours instead of three hours under reflux) gave the fused 
pyridinium salt (244) in 58% yield together with 36% of impure starting material 
(174). 
Treatment of an aqueous solution of the pyridinium salt (244) with 2M aqueous 
sodium hydroxide resulted in the precipitation of a yellow solid in quantitative yield 
whose assigned structure (245) is in full agreement with its combustion analysis and 
spectroscopiô properties. The 1 H nmr spectrum in particular shows only a one 
proton singlet at 8H  9.39 assignable to a pyrimidine-H(2) proton and seven aromatic 
protons consistent with its assigned structure (245). 
The pentacyclic compound (245) was also obtained in 90% yield when the reaction 
of the dichloropyrimidoquinoline (174) with 2-aminopyridine was carried out in the 
presence of triethylamine in dioxane under reflux for nineteen hours. Decreasing the 
reaction time to four hours gave the pentacyclic compound (245) in essentially the 
same yield (88%) showing that this heteroannulation is complete after four hours. 
Heteroannulation of the dichloropyrimidoquinoline (174) with 2,6-diaminopyridine in 
the presence of triethylamine gave a yellow solid in quantitative yield which is 
formulated as the amino substituted pentacycle (246) or its regioisomer on the basis 
of its ir, 1 H nmr and accurate mass spectra. Thus, its ir spectrum shows a broad 
band at 3230 cm 1  attributable to NH functionality, while the 1 H nmr spectrum 
shows a one proton singlet at 8H  8.94 assignable to a pyrimidine-H(2) proton and 
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The combustion analysis of the amino pentacycle (246) showed that it crystallised 
as a dihydrate. 
The dichioro compound (174) was also treated (Scheme 65) with 2,3-
diaminopyridine, under the same conditions used for the reaction with 2,6-
diaminopyridine. This resulted in the formation of three products. Two of the three 
products were isolated in the form of an unresolvable 2:1 mixture the components of 
which were identified as the amino substituted pentacycle (42%) and the azepine 
derivative (21%) (248) and (249) respectively, on the basis of their i.r, 1 H nmr and 
accurate mass spectra. The ir spectrum of the mixture shows three bands at 3430, 
3316 and 3270 cm 1 attributable to NH functionality while the 1 H nmr spectrum of 
the mixture shows two 020  exchangeable one proton singlets at 6H  10.40 and 
9.07, a one proton singlet at 6H  8.90 assignable to a pyrimidine-H(2) proton and 
seven aromatic protons attributable to the azepine derivative (249) together with a 
one proton singlet at 8H  9.34 assignable to a pyrimidine-H(2) proton, seven 
aromatic protons and a D20 exchangeable two proton singlet at 6H  6.22 consistent 
with a primary amino group in agreement with the pentacyclic amine structure (248). 
The combustion analysis of the mixture (248) and (249) showed that it crystallised 
as a hemihydrate. 
The third product from this reaction was isolated in 33% yield and is formulated as 
the aminopyndylamino derivative (247) on the basis of its combustion analysis and 
spectroscopic properties. Thus, the product's ir spectrum shows two bands at 3362 
and 3333 cm 1 and a broad band at 3284 cm 1 attributable to NH functionality, 
while its 1 H nmr spectrum contains a D20 exchangeable one proton singlet at 8H 
9.28 assignable to a secondary amino group, a one proton singlet at 8H 8.76 
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exchangeable two proton singlet at SH  6.22 assignable to a primary amino group. 
This data is in full agreement with its assigned structure (247). 
Heteroannulation (Scheme 66) of the dichloropyrimidoquinoline derivative (174) with 
2-aminopyrimidine to give the polypyrimidoquinoline derivative (250) by heating in 
dioxane under reflux in the presence of triethylamine was also examined. Whereas 
the reaction of the dichloropyrimidoquinoline (174) with 2-aminopyridine was 
complete after four hours the reaction with the less nucleophilic 2-aminopyrimidine 
after four hours produced only 43% of product together with the unreacted 
dichloropyrimidoquinoline (174) and 2-aminopyrimidine starting materials. However, 
after twenty six hours reflux 83% of product was isolated along with some unreacted 
dichloro compound (174). The polypyrimidoquinoline derivative (250) was isolated 
as an orange solid and its assigned structure is in full agreement with its ir, 1 H nmr 
and accurate mass spectra. Thus, the 1  H nmr spectrum shows a one proton singlet 
and three one proton doublet of doublets at oH  9.41 (J 7.1 and 2.3 Hz), 9.40, 9.06 
(J 3.8 and 2.3 Hz), and 7.16 (J 7.1 and 3.8 Hz) assignable to pyrimidine protons and 
four aromatic protons in full agreement with the assigned structure (250). The 
combustion analysis of the product (250) is consistent with its crystallisation as a 
hemihydrate. 
Attempted heteroannulation of the dichloropyrimidoquinoline (174) with 6-
aminouracil by heating under reflux in dioxane in the presence of triethylamine for 
twenty two hours gave only the unreacted starting materials in high yield. 
The attempted reaction of the dichloropyrimidoquinoline (174) with 2-aminopyrazine, 
3-amino-1 ,2,4-triazine or 2-amino-1 ,3,5-triazine gave only intractable material, 
which yielded no identifiable products. 
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Nucleophilic substitution reactions of the dichloropyrimidoquinoline derivative (174) 
with I ,2-dinucleophilic compounds were next investigated. Thus, treatment 
(Scheme 67) of the dichioro compound (174) with ethanolamine in dioxane under 
reflux gave the monosubstituted derivative (252) in 69% yield together with 29% of 
unreacted dichloropyrimidoquinoline starting material (174). When this reaction was 
carried out in the presence of triethylamine the yield of the monosubstituted 
derivative (252) was raised to 97%. The formulation of this mono substituted 
product as the 5-chloro-4-(2-hydroxyethylamino) derivative (252), where the more 
reactive 4-chloro group of the dichloro compound (174) was substituted by the more 
nucleophilic amino group of ethanolamine, is in full agreement with its combustion 
analysis and spectroscopic properties. The ir spectrum shows a band at 3412 cm 1 
and broad absorption in the region of 3400-3100 cm 1 attributable to a secondary 
amino group and a hydroxy group respectively. The 1  H nmr spectrum of the product 
shows a one proton singlet at 8H  8.79 assignable to a pyrimidine-H(2) proton, two 
broad 020  exchangeable one proton signals at SH  8.30 and 3.03 assignable to an 
NH and an OH proton four aromatic protons and a four proton multiplet at 61i  3.96-
3.86 assignable to two methylene groups all of which is in full agreement with the 
assigned structure (252). 
The attempted intramolecular cyclisation of the 5-chloro-4-(2-hydroxyethylamino) 
derivative (252) by treatment with sodium hydride in dimethylformamide followed by 
heating at 100°C gave a yellow solid in 50% yield. However the combustion analysis 
and accurate mass spectrum of this product indicates that, instead of the expected 
intramolecular cyclisation, intermolecular cyclisation between two molecules of 5-
chloro-4-(2-hydroxyethylamino)pyrimidoquinoline (252) has occurred affording the 
dimeric product (253). The 1  H nmr spectrum of this symmetrical product (253) 
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eight aromatic protons, a four proton triplet at 8H  4.84, with J 4.9 Hz, assignable to 
two methylene groups adjacent to oxygen and a four proton broad signal at 8H 4.24 
assignable to two methylene groups next to the NH group all of which in support of 
the proposed structure (253). No signal for the NH groups could be observed in the 
nmr spectrum of the product but the presence of NH functionality is indicated by 
its ir spectrum which shows a band at 3416 cm 1 . 
Also isolated from the reaction was a small amount (18%) of a yellow solid which 
was identified as the 4-(2-hydroxyethylamino)-5-one derivative (254) on the basis of 
its ir, 'H nmr and accurate mass spectra. The ir spectrum shows a broad 
absorption in the region 3500-3100 cm 1 attributable to NH and OH functionality, 
while the 1  H nmr spectrum shows a one proton singlet at 8H  8.37 assignable to a 
pyrimidine-H(2) proton, four aromatic protons and a four proton multiplet at oH  4.20-
3.96 assignable to four methylene protons all of which is in agreement with the 
assigned structure (254). However, as for the dimeric product (253), no D20 
exchangeable protons could be observed, probably due to the very insoluble nature 
of these compounds. 
Reaction (Scheme 68) of the dichioro compound (174) with ortho-phenylenediamine 
in dioxane under reflux resulted in displacement of both chlorine atoms to give the 
benzazepine derivative (255) in 79% yield. The assigned structure of this product is 
based on its combustion analysis, ir, 1 H nmr and accurate mass spectra. Thus, its ir 
spectrum shows broad absorption in the region 3500-3000 cm -1 attributable to NH 
functionality, while its 1 H nmr spectrum in hexadeuterio dimethylsulfoxide shows 
three one proton singlets at 0H  10.19, 9.30 and 8.84 assignable to two NH protons 
and a pyrimidine-H(2) proton together with eight aromatic protons in full agreement 
with the assigned structure (255). The benzazepine derivative (255) precipitated out 
of [(CD3)250] solution on addition of D20 and it was therefore not possible to 
349 
perform a 020 exchange experiment. The structure of the benzazepine derivative 
(255) was confirmed by acetylation. Heating a suspension of the benzazepine 
derivative (255) in acetic anhydride under reflux gave a cream coloured solid in 62% 
yield whose assigned structure as the diacetyl derivative (256) is in full agreement 
with its combustion analysis and spectroscopic properties. 
Attempted oxidation of the benzazepine derivative (255) with activated 
manganese(1V) oxide in dimethylformamide at room temperature or under reflux 
resulted only in the isolation of unreacted starting material in high yield. 
Nucleophilic substitution of the dichioro compound (174) with ortho-aminophenol in 
dioxane under reflux gave a beige coloured solid in 75% yield. Based on its 
combustion analysis and spectroscopic data this product is formulated as the 4-
(ortho-hydroxyphenylamino)-5-one derivative (257). This compound is probably 
formed by initial displacement of the more reactive 4-chloro group in the dichioro 
compound (174) by the more nucleophilic amino group of ortho-aminophenol 
followed, at some stage, by hydrolysis of the remaining 5-chioro group. The ir 
spectrum shows broad absorption in the region 3700-3200 cm 1 attributable to NH 
and OH functionality and a band at 1665 cm attributable to a carbonyl group, 
while the 'H nmr spectrum shows three D20 exchangeable one proton singiets at 
6H 12.14, 12.11 and 10.15 assignable to two NH and one OH proton, a one proton 
singlet at oH  8.85 assignable to a pyrimidine-H(2) proton and eight aromatic protons 
in agreement with the assigned structure (257). 
The reaction of the dichloro compound (174) with ortho-aminophenol was also 
carried out in the presence of triethylamine. However, under these basic conditions 
a yellow solid was obtained whose tic showed it to be a two component mixture 
which could not be resolved by flash-chromatography. Crystallisation of this solid 
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from aqueous dimethyl sulfoxide gave a single product, which was identified as the 
previously described 4-(ortho-hydroxyphenylamino)-5-ofle derivative (257). Despite 
intensive efforts it was not possible to separate the initially formed two component 
mixture. 
Reaction of the dichloropyrimidoquinoline compound (174) with 2-aminothiophenol 
in dioxane in the presence of triethylamine under reflux gave a yellow solid in 75% 
yield. This product is formulated as the heteroannulated benzothiazepinopyrimido-
quinoline derivative (258) based on its combustion analysis and spectroscopic 
properties and on the basis of displacement of the more reactive 4-chloro group in 
the dichioropyrimidoquinoline compound (174) by the more nucleophilic amino 
group in 2-aminothiophenol. However, the regioisomeric structure can not be 
excluded. 
In order to further exploit the synthetic utility of the dichioro compound (174) its 
behaviour with anion salts was investigated. However, the attempted synthesis 
(Scheme 69) of the mono and/or dicyanopyrimidoquinoline (259) and/or (260) by 
treatment with potassium cyanide in dimethylformamide at room temperature 
resulted only in the isolation of intractable material. In an alternative attempt to 
synthesise the mono and/or dicyanopyrimidoquinoline (259) and/or (260) by 
treatment of the dichloro compound (174) with tetraethylammonium cyanide or with 
tetrabutylammonium cyanide (prepared by a literature procedure) 141 in 
dichioromethane at room temperature gave only intractable materials. 
Reaction of the dichioro compound (174) in dichloromethane with benzenesulfinic 
acid tetrabutylammonium salt 142  resulted, after acid work up, in the isolation of a 
colourless solid in 60% yield which is formulated as the 4-benzenesufonyl-5-oxo 
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assumption that the more reactive 4-chioro group in the dichioropyrimidoquinoline 
(174) is displaced by benzene sulfinate ion. The combustion analysis of the product 
(261) shows that it crystallises as a monohydrate. The formation of the 4-
benzenesufonyl-5-oxo derivative (261) is probably the result of the hydrolysis of the 
initially formed 4-benzenesufonyl-5-chloro derivative during acidic work-up. 
However, the regioisomeric 5-benzenesufonyl-4-oxo structure cannot be excluded. 
Also isolated in this reaction in 30% yield was the previously described 5-chloro-4-
oxo derivative (192) which is probably formed by acid hydrolysis of unreacted 
dichioro starting material (174) during acidic work-up. 
Reactions of the 4-amino-5-chloropyrimidoquinoline (208a) with anion salts were 
also investigated. Thus, treatment (Scheme 70) of a solution of the 4-amino-5-
chloro compound (208a) with potassium cyanide in dimethylformamide at room 
temperature for one hour resulted in the isolation of an orange solid in 5% yield 
together with 87% of unreacted starting material (208a). Repetition of this reaction 
at 50°C for seventeen hours gave the same orange coloured solid product in 34% 
yield together with 41% of unreacted dichioropyrimidoquinoline starting material 
(208a). The orange coloured product was identified as the dimeric azepine 
derivative (214), formed by self-condensation of two molecules of the 4-amino-5-
chioropyrimidoquinoline (208a), on the basis of its ir and accurate mass spectra. 
The ir spectrum shows three bands at 3313, 3271 and 3209 cm 1 attributable to NH 
functionality in agreement with the assigned structure (214). The combustion 
analysis of the product (214) showed that it crystallised as a monohydrate. 
However, due to the extremely insoluble nature of the product (214) it was not 
possible to record its 1  H nmr spectrum. Repetition of the reaction of the 4-amino-5-
chioro compound (208a) with potassium cyanide at 100°C for sixteen gave only 
unreacted starting material (208a) in 78% yield. 
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Reaction (Scheme 71) of the 4-amino-5-chloropyrimidoquinoline (208a) with 
potassium isocyanate in dimethylformamide at 100°C gave a small amount (11%) of 
a beige coloured product which is tentatively formulated as the 4-amino-5-
ioscyanato derivative (262) on the basis of its ir and electron impact mass spectra. 
Thus, the ir spectrum shows a broad band at 3199 cm 1 attributable to NH 
functionality and a band at 2158 cm 1 attributable to an isocyanate group in 
agreement with the proposed structure (262). The remainder of the material isolated 
from this reaction consisted only of intractable solids. 
Reaction of the 4-amino-5-chloropyrimidoquinoline (208a) with sodium thiocyanate 
in dimethylformamide at 50°C for twenty-three hours resulted in the isolation of a 
yellow solid in 69% yield whose accurate mass spectrum is in agreement with its 
formulation as the heteroannulated product (263) or (264). The formation of the 
particular product (263) can be explained by intramolecular cyclisation of an amino-
isothiocyanate intermediate, while formation of the heteroannulated product (264) 
requires intramolecular cyclisation of an amino thiocyanate intermediate. The ir and 
nmr spectra support the thiocarbonyl structure (263) for the product. Thus, its ir 
spectrum shows two broad absorption bands at 3339 and 3218 cm 1 attributable to 
two NH groups and a band at 1511 cm -1 attributable to a thiocarbonyl group, while 
its 1 H nmr spectrum shows two broad one proton signals at 6H  9.18 and 8.97 
assignable to two NH protons, a one proton singlet at oH  9.10 assignable to a 
pyrimidine-H(2) proton and four aromatic protons in agreement with the thiocarbonyl 
structure (263). However, the isomeric structure (264) cannot definitely be excluded. 
The combustion analysis of the heteroannulated product (263) or (264) showed that 
it crystallised as a hemihydrate. Repetition of the reaction of the 4-amino-5-chloro 
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in complete consumption of the starting material to give the heteroannulated 
product (263) or (264) in 88% yield. 
Reaction of the 4-amino-5-chloro derivative (208a) with mono sodium cyanamide in 
dimethylformamide at 50°C for twenty hours gave a cream coloured solid in 40% 
yield. This product was identified as the cyanamide derivative (265) on the basis of 
its ir spectrum. This shows two bands at 3348 and 3274 cm 1 attributable to a 
primary amino group, a broad band at 3125 cm 1 attributable to a NH group and a 
band at 2198 cm 1 due to a cyano group supporting the assigned structure (265). 
The cyanamide derivative (265) cyclised on crystallisation from dimethylsulfoxide to 
afford the amino substituted tetracycle (228d), identified by comparison with the 
product formed in the reaction of the dichloropyrimidoquinoline derivative (174) with 
guanidine as described before. The rest of the material isolated from this reaction 
consisted of unreacted starting material (57%). Repetition of the reaction of the 4-
amino-5-chloro derivative (208a) with mono sodium cyanamide in 
dimethylformamide at 100°C for twenty-four hours gave the cyanamide derivative 
(265), the cyclised amino-substituted tetracycle (228d) and unreacted starting 
material (208a) in 43%, 13% and 39% yield respectively. Increasing the reaction 
time to three days resulted in complete consumption of the 4-amino-5-chloro 
starting material (208a) to give the cyanamide derivative (265) and the cyclised 
amino substituted tetracycle (228d) in 43% and 40% yield respeôtively. 
Treatment (Scheme 72) of the 4-amino-5-chloro compound (208a) with sodium 
azide in dimethylformamide at room temperature gave the aminotetrazole derivative 
(266) in 96% yield. The assigned structure of this product is in full agreement with 
its combustion analysis and spectroscopic properties. This compound, as 
expected, 140 showed no evidence in its ir spectrum for the alternative azide 
tautomer. Thus, the ir spectrum shows only two bands at 3385 and 3304 cm 1 
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attributable to a primary amino group. The 1  H nmr spectrum shows two broad one 
proton signals at 5H  8.82 and 7.74 assignable to a primary amino group, a two 
proton multiplet at 8H  8.93-8.88 assignable to an aromatic proton and a pyrimidine-
H(2) proton along with three further aromatic protons, all of which is in full 
agreement with its assigned structure (266). 
In an attempt to synthesise the 4,5-diamino compound (209a) the aminotetrazole 
derivative (266) was treated with triphenyiphosphine which should give an amino 
phosphinimine derivative, which could then be hydrolysed to afford the 4,5-diamino 
compound (209a). However, treatment of a suspension of the aminotetrazole 
derivative (266) with triphenyiphosphine in dioxane under reflux for eight hours gave 
only unreacted starting materials. Further, reaction of the aminotetrazole derivative 
with triethylphosphite in dioxane under reflux for sixteen hours gave only 
unreacted aminotetrazole starting material (266) in quantitative yield. In contrast 
heating the aminotetrazole derivative (266) in neat triethylphosphite under reflux for 
twenty hours gave a colourless solid in 27% yield whose phosphoramidate structure 
is in full agreement with its combustion analysis and spectroscopic data. 
Thus, the ir spectrum shows two bands at 3387 and 3301 cm 1 and a broad band at 
3115 cm 1 attributable to a primary amino and a NH group respectively. The 
product's 1 H nmr spectrum shows a D20 exchangeable one proton singlet at 8H 
12.25 assingnable to a NH proton, two 020  exchangeable one proton doublets 
centred at 8H  10.14 and 6.10, with J 5.6 Hz, assignable to a primary amino group, a 
one proton singlet at 8H  8.67 assignable to a pyrimidine-H(2) proton together with 
resonance's due to four aromatic protons and two ethyl ester moieties all of which is 
in full agreement with its proposed structure (267). The remainder of the material 
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Nucleophilic substitution (Scheme 73) of the dichloropyrimidoquinoline (174) with 
activated methylene anions was also investigated. Reaction of the dichloro 
compound (174) with one equivalent of the anion of acetylacetone in 1,2-
dimethoxyethane under reflux for one hour gave the heteroannulated oxygen 
containing tetracyclic compound (268) in 49% yield. The assigned structure of this 
product is in full agreement with its combustion analysis and spectroscopic 
properties. Thus, its ir spectrum shows a band at 1690 cm 1 attributable to a 
conjugated carbonyl group, while the 1 H nmr spectrum shows a one proton singlet 
at oH  9.38 assignable to a pyrimidine-H(2) proton, four aromatic protons and two 
three proton singlets at 0H  2.78 and 2.56 assignable to two methyl groups in full 
agreement with the assigned structure (268). Also isolated from this reaction was 
36% of unreacted starting material (174) and 9% of the previously described 5-
chloro-4-oxopyrimidoquinoline derivative (192). 
The formation of the oxygen containing tetracyclic compound (268) can be 
envisaged to occur by initial displacement of the more reactive 4-chloro group of the 
dichloropyrimidoquinoline derivative (174) by the carbanion of acetylacetone to give 
the mono substituted intermediate. Deprotonation of this intermediate and 
nucleophilic displacement of the remaining 5-chloro group by the oxygen of the enol 
side-chain would then give the isolated product (268). In an attempt to drive the 
reaction to completion the heteroannulation of the dichloro compound (174) was 
carried out with two equivalents of the anion of acetylacetone in I 2-
dimethoxyethane under reflux for one hour. However, under these conditions the 
oxygen containing tetracyclic compound (268) was obtained in only 40% yield 
together with 10% of the 4-chloro-5-oxo derivative (192) and intractable material. In 
a further attempt to optimise the yield of the tetracyclic compound (268) the 
dichloropyrimidoquinoline derivative (174) was stirred at room temperature with two 
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equivalents of the anion of acetylacetone for seventeen hours. These conditions 
resulted in the isolation (36%) of the oxygen-containing tetracyclic compound (268) 
as the only identifiable material. When the reaction was carried out with one 
equivalent of the anion of acetylacetone at room temperature for seventeen hours 
the tetracyclic compound (268) was isolated in 44% yield together with 36% of 
unreacted starting material (174). Attempted reaction of the dichloro compound 
(174) with acetylacetone in I ,2-dimethoxyethane in the presence of triethylamine 
under reflux or in dioxane in the presence of Hunig's base under reflux resulted only 
in the isolation of unreacted starting material (174) in high yields. Nucleophilic 
substitution of the dichloro compound (174) by acetylacetone was also attempted 
under solid-liquid phase transfer conditions. 143 However, reaction with 
acetylacetone with the presence of solid sodium carbonate and 5mol% of 
benzyltriethylammonium chloride in toluene under reflux for seventeen hours gave 
only intractable material. Replacement of toluene with 1 ,2-dimethoxyethane in this 
reaction resulted in complete consumption of the starting material after one hour 
reflux but gave only intractable material. 
Solid-liquid phase transfer conditions were also applied to the reaction of the 
dichloro compound (174) with ethyl acetoacetate. These resulted in the isolation of 
a colourless solid in 17% yield. On the basis of its combustion analysis and 
spectroscopic data this compound is formulated as the monosubstituted product 
(269), where the more reactive pyrimidine 4-chloro group has been displaced. Thus, 
the ir spectrum shows two carbonyl bands at 1715 and 1668 attributable to an ethyl 
acetoacetyl side-chain, while its I  H nmr spectrum shows a one proton singlet at oH 
9.06 assignable to a pyrimidine-H(2) proton, four aromatic protons, a one proton 
quartet and a three proton doublet centred 0H  5.88 and 2.59, with J 0.86 Hz, 
assignable to a CH proton and a methyl group, respectively, along with a two proton 
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quartet and a three proton triplet centred at 8H  4.22 and 1.30, with J 7.1 Hz, 
assignable to a ethyl moiety of an ester group. This data is in full agreement with 
the assigned structure (269). The remainder of the material isolated from this 
reaction consisted of unreacted starting material (174) (12%) together with a series 
of intractable glasses and solids. 
The next active methylene compound to be investigated was diethyl malonate. 
Reaction of the dichloropyrimidoquinoline (174) with one equivalent of the anion of 
diethyl malonate (formed in situ) in 1 ,2-dimethoxyethane under reflux for one hour 
gave a yellow solid in 36% yield. This was identified as the 4-diethyl malonyl-5-oxo 
derivative (270). This structural assignment is in full agreement with its combustion 
analysis and spectroscopic properties. The ir spectrum shows two bands at 3175 
and 1660 cm 1 attributable to the NH and carbonyl absorption, respectively, of a 
lactam group and two bands at 1747 and 1730 cm 1 assignable to the carbonyl 
absorption of two ester groups. The product's 1 H nmr spectrum shows a D20 
exchangeable one proton singlet at oH  12.25 assignable to an NH proton, a one 
proton singlet at 0H  9.42 assignable to a pyrimidine-H(2) proton along with signals 
due to four aromatic protons and the protons of the ethyl moieties of two ester 
groups, all of which is in full agreement with its assigned structure (270). 
Reaction of the dichloropyrimidoquinoline (174) with diethyl malonate under solid-
liquid phase transfer conditions was next investigated in the hope of improving the 
efficiency of the reaction. Heating the dichloro compound (174) with diethyl 
malonate in the presence of solid sodium carbonate and 5mol% of 
benzyltriethylammonium chloride in dichloromethane under reflux for eighteen hours 
resulted only in the isolation of the unreacted starting materials in high yields. 
Repetition of this reaction in toluene instead of dichloromethane gave, after 
seventeen hours reflux, followed by acidification of the aqueous mother liquor, a 
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yellow solid in 47% yield. This solid was identified as the pyranopynmidoquinoline 
derivative (271) on the basis of its combustion analysis, ir, 1 H and 13C nmr and 
mass spectra. In particular the ir spectrum shows a band at 3237 cm 1 due to an 
NH and/or OH group and a band at 1750 cm 1 attributable to the carbonyl group of 
an ester moiety. 
The formation of the pyranopyrimidoquinoline derivative (271) can be explained in 
different ways; however all have hydrolysis of initially formed intermediates in 
common. The solid-liquid phase transfer reaction was therefore repeated under the 
same set of conditions with the following variation: prior to the addition of the 
dichloro compound (174) toluene was removed from the reaction mixture 
(containing diethyl malonate, sodium carbonate and benzyl triethylammonium 
chloride) by distillation in order to azeotropically remove any residual water. 
However, this variation had no influence on the reaction, which gave the pyrano-
pyrimidoquinoline derivative (174) in the same yield (47%) as before. 
The reaction of the dichloro compound (174) with diethyl malonate was also carried 
out in 1 ,2-dimethoxyethane in the presence of four equivalents of sodium carbonate 
and one equivalent of the phase transfer salt. This resulted in complete 
consumption of the starting material after two hours reflux. The reaction mixture 
was concentrated by rotary evaporation, treated with water and extracted with 
dichloromethane. Acidification of the aqueous phase resulted in precipitation of the 
previously described pyranopyrimidoquinoline derivative (271) in 23% yield. 
Purification of the material isolated from the organic phase gave a yellow solid in 
60% yield, which was identified as the previously described pyranopyrimidoquinoline 
derivative (271) on the basis of its 1 H and 13C nmr spectra. However, the ir 
spectrum of the yellow solid was different to that of the previously described pyrano 
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been isolated under these conditions. Thus, the ir spectrum shows two broad bands 
at 3206 and 3130 cm attributable to NH and/or OH functionality and two bands at 
1761 and 1746 cm -1 attributable to carbonyl functionality. This tautomer or 
tautomeric mixture was converted, as shown by its ir spectrum, into the previously 
described pyranopyrimidoquinoline tautomer (271) on crystallisation from acetic 
acid. Also isolated from this reaction was a small amount (3%) of a colourless solid 
which was identified as 5-chloro-4-ethoxypyrimido[5,4-c]quinoline (194b) on the 
basis of its combustion analysis and spectroscopic properties. 
The reaction of the dichloro compound (174) with diethyl malonate in 1,2-
dimethoxyethane under reflux for two hours was also carried out with two instead of 
four equivalents of sodium carbonate. Work up of the reaction mixture produced the 
pyranopyrimidoquinoline derivative (271) obtained before in 70% yield. 
The behaviour (Scheme 74) of the dichloropyrimidoquinoline (174) towards 
reduction was investigated next. Attempted reductive dehalogenation to afford the 
parent pyrimido[5,4-c]quinoline (272) by hydrogenation over palladium-on-charcoal 
at atmospheric pressure or four atmospheres gave only the unreacted starting 
material (174) in essentially quantitative yield. 
Reduction of the dichloropyrimidoquinoline (174) with sodium borohydride in 
aqueous dioxane gave a complex mixture of products from which a colourless solid 
was obtained in 12% yield as the only identifiable product. The dihydropyrimido-
quinoline structure (275) for this product is in full agreement with its combustion 
analysis and spectroscopic properties. Thus, the ir spectrum shows broad 
absorption in the region 3300-3000 cm -1 and two bands at 3266 and 3160 cm 1 
attributable to NH functionality, while the 1 H nmr spectrum shows two broad D20 
exchangeable one proton signals at 5H  8.85 and 8.06 assignable to two NH protons 
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and four aromatic protons. Also present was a two proton doublet of doublets 
centred at oH  4.64, with J 3.4 and 2.6 Hz, which collapses to a singlet after the D20 
shake demonstrating the presence of a methylene group flanked by the two NH 
groups and hence consistent with the dihydro structure (275). 
Attempted reductive dimerisation of the dichloro compound (174) to afford the 
heptacyclic derivative (273) and/or (274) by treatment with zinc powder in 
tetrahydrofuran in the presence of a catalytic amount of acetic acid under reflux 
gave only the unreacted starting material (174) in essentially quantitative yield. 
4.2 Nucleophilic Substitution Reactions of 24,5-Trichloropyrido-
13.2-clauinoline (191) 
Nucleophilic substitution reactions of 2,4,5-trichloropyrido[3,2-c]quinoline (191) was 
also briefly investigated. Heating (Scheme 75) the trichloro compound (191) with 
four equivalents of sodium methoxide in methanol under reflux for three hours 
resulted in the isolation of two chloro-dimethoxy isomers (277) and (278) and the 
trimethoxy derivative (279). The assigned structures of each of these products are 
in full agreement with their combustion analysis and spectroscopic data. Because 
the reaction of the trichloro compound (191) with N,N-dimethylamine (see page 370 
Scheme 76) produced the 4-chloro-2,5-bis-(N,N-dimethylamino) and the 5-chloro-
2,4-bis-(N,N-dimethylamino) isomers (281) and (282), (whose structures were 
confirmed by X-ray analysis) where only the pyridine 2-chloro group has been 
displaced in the formation of both isomers it is reasonable to assume that the 
chlorine in the 2-position is the most reactive of the three chlorine atoms in 2,4,5-
trichloropyrido[3,2-c]quinoline (191). On this basis the two isolated chioro-dimethoxy 
isomers were formulated as the 4-chloro-2,5-dimethoxy and the 5-chloro-2,4-
dimethoxy isomers (277) and (278). However, despite intensive efforts it was not 
possible to obtain crystals of either of the two chloro-dimethoxy products suitable for 
X-ray analysis and at the present it is not known which of the two isolated chioro-
dimethoxy isomers (277) and (278) corresponds to which regioisomer. The 1 H nmr 
spectrum of the chloro-dimethoxy isomer (277) or (278), which was isolated in 42% 
yield, shows only four aromatic protons, a one proton singlet at 8H  7.02 assignable 
to a pyridine-H(3) proton and two three proton singlets at 5H  4.17 and 4.15 
assignable to two methoxy groups in full agreement with its formulation as a single 
isomer (277) or (278). The I  H nmr spectrum of the second chloro dimethoxy isomer 
(277) or (278), which was isolated in 22% yield, shows only four aromatic protons, a 
one proton singlet at 8H  6.94 assignable to a pyridine-H(3) proton and two three 
proton singlets at 6H  4.18 and 4.06 assignable to two methoxy groups, again in full 
agreement with its formulation as a single isomer (277) or (278). The 1 H nmr 
spectrum of the trimethoxy compound (279), which was isolated in 15% yield, 
shows four aromatic protons, a one proton singlet at 8H  6.37 assignable to a 
pyridine-H(3) proton and three, three proton singlets at oH  4.19, 4.17 and 4.01 
assignable to three methoxy groups in full agreement with its assigned structure 
(279). 
Increasing the reaction time (twenty-one hours instead of three hours reflux) 
resulted in the isolation of the chioro-dimethoxy isomer (277) or (278) which was 
obtained in 42% yield in the reaction described before and the trimethoxy compound 
(279) in 20% and 76% yield, respectively. Prolonging the reaction time to forty-eight 
hours reflux and increasing the amount of sodium methoxide to six equivalents gave 
the trimethoxy compound (279) exclusively, in 98% yield. 
Heating a suspension of the trichioro compound (191) in methanol under reflux for 
two hours gave a colourless solid in 72% yield whose formulation as a dichloro 
methoxy isomer is in full agreement with its combustion analysis and spectroscopic 
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data. This product is formulated as 4,5-dichloro-2-methoxypyrido[3,2-c]quinoline 
(276) on the basis of the previously stated arguments. 
Attempted nucleophilic substitution (Scheme 76) of the trichloro compound (191) 
with liquid ammonia was not successful, unreacted starting material (191) being 
isolated in 95% yield. In contrast, passing a stream ammonia through a solution of 
the trichloro compound (191) in dioxane at 70°C for seventeen hours resulted in the 
displacement of one chioro group to give an amino dichloro product in 64% yield. 
The formulation of this product, as a single isomer, is indicated by its 'H nmr 
spectrum which shows only four aromatic protons, a one proton singlet at 6H  6.73 
assignable to a pyridine-H(3) proton and a broad D20 exchangeable two proton 
signal assignable to a primary amino group. This product is formulated as the 2-
amino-4,5-dichloro isomer (280) on the basis of the arguments presented before. 
The assigned structure was also in full agreement with its combustion analysis and 
the remainder of its spectroscopic data. 
Nucleophilic substitution of the trichloro compound (191) with aqueous 
dimethylamine resulted in the formation of two chloro-bis-(N,N-dimethylamino) 
derivatives (281) and (282). One isomer, isolated in 30% yield, was formulated as 
the 4-chloro-2,5-bis-(N,N-dimethylamino) isomer (281) on the basis of its single 
crystal X-ray diffraction analysis (see Figure 23 and Tables 23 and 24). This isomer 
(281) also gave a combustion analysis and showed spectroscopic properties in full 
agreement with its assigned structure. Thus, its 1 H nmr spectrum shows only four 
aromatic protons, a one proton singlet at 8H  6.75 assignable to a pyridine-H(3) 
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X-Ray Diffraction Data for 4-Chloro-2,5-bis(N,N-dimethylamino)pyridoF32-
c1guinoline (281) 
Table 23: Bond Lengths (Angstroms) with Standard Deviations 
N(1) - C(2) 1.333(2) C(6A) - C(1OA) 1.405(2) 
N(1) - C(10B) 1.346(2) C(6A) - C(7) 1.413(2) 
C(2) - N(21) 1.352(2) C(7) - C(8) 1.373(2) 
C(2) - C(3) 1.423(2) C(8) - C(9) 1.398(2) 
C(3) - C(4) 1.355(2) C(9) - C(10) 1.373(2) 
Cl(4) - C(4) 1.742(2) C(10) - C(1OA) 1.403(2) 
C(4A) - C(IOB) 1.413(2) C(1OA) - C(1OB) 1.450(2) 
C(4A) - C(4) 1.426(2) N(21) - C(22) 1.454(2) 
C(4A) - C(5) 1.454(2) N(21) - C(23) 1.453(2) 
C(S) - N(6) 1.308(2) N(51) - C(53) 1.456(2) 
C(S) - N(51) 1.393(2) N(51) - C(52) 1.464(2) 
N(6) - C(6A) 1.379(2) 
Table 24: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(IOB) 118.4 (1) C(1OA) - C(6A) - C(7) 118.9(1) 
N(1) - C(2) - N(21) 118.0(1) C(8) - C(7) - C(6A) 120.3 (1) 
N(1) - C(2) - C(3) 121.1(1) C(7) - C(8) - C(9) 120.6(2) 
N(21) - C(2) - C(3) 120.8 (1) C(10) - C(9) - C(8) 120.0(2) 
C(4) - C(3) - C(2) 119.0(1) C(9) - C(10) - C(1OA) 120.5(2) 
C(1 OB) - C(4A) - C(4) 113.6 (1) C(1 0) - C(1 OA) - C(6A) 119.7 (1) 
C(IOB) - C(4A) - C(S) 117.8 (1) C(10) - C(10A) - C(IOB) 122.2 (1) 
C(4) - C(4A) - C(5) 128.5 (1) C(6A) - C(1OA) - C(IOB) 118.0(1) 
C(3)- C(4)- C(4A) 121.6 (1) N(1)- C(IOB) - C(4A) 125.1(1) 
C(3)- C(4)- CI(4) 115.6 (1) N(1) - C(IOB) - C(IOA) 117.1(1) 
C(4A) - C(4) - Cl(4) 122.6 (1) C(4A) - C(IOB) - C(10A) 117.8 (1) 
N(6) - C(S)- N(51) 117.1 (1) C(2)- N(21) - C(23) 121.7(2) 
N(6) - C(S) - C(4A) 123.2 (1) C(2) - N(21) - C(22) 120.8 (1) 
N(51) - C(S) - C(4A) 119.7 (1) C(23) - N(21) - C(22) 117.4 (1) 
C(S) - N(6) - C(6A) 118.7 (1) C(5) - N(51) - C(53) 115.9 (1) 
N(6) - C(6A)- C(IOA) 123.1(1) C(S)- N(51) - C(52) 116.2 (1) 
N(6) - C(6A) - C(7) 117.9 (1) C(53) - N(51) - C(52) 110.9(1) 
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The second isomer, which was isolated in 51% yield, was identified as the 5-chloro-
2,4-bis-(N,N-dimethylamino) isomer (282) on the basis of its single crystal X-ray 
diffraction analysis (see Figure 24 and Tables 25 and 26). This isomer (282) also 
gave a combustion analysis and showed spectroscopic properties in full agreement 







X-Ray Diffraction Data for 5-Chloro-2,4-bis(N,N-dimethylamino)pyrjdoF32-
c1guinoline (282) 
Table 25: Bond Lengths (Angstroms) with Standard Deviations 
N(1) - C(2) 1.341 (3) C(6A) - C(10A) 1.398(3) 
N(1) - C(10B) 1.348(3) C(6A) - C(7) 1.409(3) 
C(2) - N(21) 1.357(3) C(7) - C(8) 1.364(4) 
C(2) - C(3) 1.406(3) C(8) - C(9) 1.405(4) 
C(3) - C(4) 1.377(3) C(9) - C(10) 1.369(3) 
C(4A) - C(IOB) 1.421 (3) C(10) - C(IOA) 1.405(3) 
C(4A) - C(5) 1.430(3) C(IOA) - C(1OB) 1.447(3) 
C(4A) - C(4) 1.445(3) N(21) - C(22) 1.438(3) 
C(4)-N(41) 1.384(3) N(21)-C(23) 1.451 (3) 
Cl(5) - C(5) 1.762(2) N(41) - C(42) 1.459(3) 
C(5) - N(6) 1.290(3) N(41) - C(43) 1.467(3) 
N(6) - C(6A) 1.380(3) 
Table 26: Bond Angles (Degrees) with Standard Deviations 
C(2) - N(1) - C(1OB) 117.4(2) C(IOA) - C(6A) - C(7) 119.9(2) 
N(1) - C(2) - N(21) 116.9(2) C(8) - C(7) - C(6A) 120.2(2) 
N(1) - C(2) - C(3) 122.5(2) C(7) - C(8) - C(9) 120.2(2) 
N(21) - C(2) - C(3) 120.7(2) C(10) - C(9) - C(8) 120.1 (2) 
C(4) - C(3) - C(2) 121.1(2) C(9) - C(10) - C(IOA) 120.8(2) 
C(10B) - C(4A) - C(5) 114.6(2) N(1) - C(IOB) - C(4A) 124.7(2) 
C(IOB) - C(4A) - C(4) 116.3(2) N(1) - C(IOB) - C(IOA) 116.5(2) 
C(5) - C(4A) - C(4) 128.9(2) C(4A) - C(IOB) - C(IOA) 118.7(2) 
C(3) - C(4) - N(41) 121.2(2) C(6A) - C(IOA) - C(10) 118.8(2) 
C(3) - C(4) - C(4A) 117.5(2) C(6A) - C(IOA) - C(IOB) 118.6(2) 
N(41) - C(4)- C(4A) 121.2(2) C(10) - C(IOA) - C(IOB) 122.6(2) 
N(6) - C(5) - C(4A) 127.5(2) C(2) - N(21) - C(22) 121.9(2) 
N(6)- C(5)- Cl(5) 112.0(2) C(2) - N(21) - C(23) 121.1(2) 
C(4A) - C(5) - Cl(S) 120.3(2) C(22) - N(21) - C(23) 116.6(2) 
C(5) - N(6)- C(6A) 117.7(2) C(4)- N(41) - C(42) 117.0(2) 
N(6) - C(6A) - C(IOA) 122.0(2) C(4) - N(41) - C(43) 116.8(2) 
N(6) - C(6A) - C(7) 118.0(2) C(42) - N(41) - C(43) 111.2(2) 
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4.3 Experimental 
General Experimental Details 
For general experimental details Chapter 2, Section 2.4, pages 131-1 32. 
Elemental Analyses and Mass Spectroscopic Data 
Elemental analyses and mass spectroscopic data are collected in Table 27; Pages 
453-456. 
Hydrolysis Reactions of 4.5-DichloropyrimidoF5.4-clguinoline (174) 
A solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 1,4-
dioxane (10.Oml) was treated with water (O.lOml) and the resulting solution was 
stirred at room temperature for 15mm. 
Rotary evaporation of the solution at room temperature afforded only the unreacted 
starting material (174) (0.49g; 98%) as a yellow solid, mp 156-161°C, identified by 
comparison (mp and ii spectrum) with a sample prepared before. 
Repetition of the reaction described in (a) but using water (0.50m1) and a 
reaction time of 17h gave after work up only the unreacted starting material (174) 
(0.45g; 90%) as a yellow solid, mp 164-166°C, identified by comparison [mp, ir 
spectrum and tIc in hexane-ethyl acetate (9:1) over silica] with a sample prepared 
before 
Repetition of the reaction described in (a) but using 1 ,4-dioxane (7.Oml) 
containing water (3.Oml) and with heating under reflux for I h gave after work up 4,5-
dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (1 67a) (0.1 5g; 73%) as a salmon 
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pink solid, mp >360°C, identified by comparison (mp and ir spectrum) with a sample 
prepared before. 
A solution of the dichloro compound (174) (0.50g; 0.002mol) in glacial acetic acid 
(10.Oml) was stirred and heated under reflux with the exclusion of atmospheric 
moisture for 0.5h. 
The insoluble solid was collected by hot-filtration to afford the hydrochloride salt of 
4,5-dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (1 67a) (0.50g; 100%) as a 
yellow solid, mp >360°C, vmax 3000-2400 (NH), 1744 and 1730 (C0) and 1660 
(C=N) cm-1 , which was treated with 10% w/v aqueous sodium hydrogen carbonate 
solution (10.Oml) and the insoluble solid collected to afford the sodium salt of 4,5- 
dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (1 67a) (0.47g; 100%), mp >360°C, 
vmax 3570-3000 (NH, OH), 1692 (C=O) and 1618 (C=N) cm 1 , which was 
crystallised from acetic acid to afford the free 4,5-dioxo-3,4,5,6-tetrahydro-
pyrimido[5,4-c]quinoline (167a) (0.429; 100%) as a beige solid, mp >360°C, 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
A solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
dimethylformamide (10.Oml) was stirred and heated at 100°C with the exclusion of 
atmospheric moisture for lh. 
The solution was rotary evaporated, the residue treated with dichloromethane 
(5.Oml) and the insoluble solid collected by hot-filtration to afford 5-chloro-3,4-
dihydro-4-oxopyrimido[5,4-c]quinoline (192) (0.23g; 100%) as a beige solid, mp 
>360°C, identified by comparison (mp and ir spectrum) with a sample prepared 
before. 
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A stirred solution of the dichioro compound (174) (0.50g; 0.002mol) in anhydrous 
I ,4-dioxane (14.Oml) was treated at reflux with 2M aqueous sodium hydroxide 
(6.Oml) and the resulting emulsion was then stirred and heated under reflux for lh. 
The resulting three phase mixture was rotary evaporated and the solid residue 
treated with water (5.Oml) and filtered to afford 3-amino-2-chloro-3-cyanoquinoline 
(155) (0.23g; 57%) as a pale yellow solid, mp 299-302°C (decomp), identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
The aqueous mother liquor was acidified with 2M aqueous hydrochloric acid and the 
precipitated solid collected to afford 5-chloro-3,4-dihydro-4-oxopyrimido[5,4-c]-
quinoline (192) (0.23g; 100%) as a yellow solid, mp >360°C, identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
1,4-dioxane (14.Oml) was treated at reflux with 2M aqueous hydrochloric acid 
(6.Oml) and the resulting solution was then stirred and heated under reflux for 1 h. 
The precipitated solid was collected by hot-filtration to give the hydrochloride salt of 
4,5-dioxo-3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (1 67a) (0.46g; 92%) as a yellow 
solid, mp >360°C, identical (mp and ir spectrum) with a sample prepared before. 
The salt was treated with 10% wlv aqueous sodium hydrogen carbonate solution 
(10.0ml) and the insoluble solid collected to afford the sodium salt of 4,5-dioxo-
3,4,5,6-tetrahydropyrimido[5,4-c]quinoline (167a) (0.43g; 91%) as a yellow solid, mp 
>360°C, identical (mp and ir spectrum) with a sample prepared before. The sodium 
salt was crystallised from acetic acid to afford the free 4,5-dioxo-3,4,5,6-
tetrahydropyrimido[5,4-c]quinoline (167a) (0.38g; 89%) as a colourless solid, mp 
>360°C, identified by comparison (mp and ir spectrum) with a sample prepared 
before. 
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Reactions of 4,5-Dichloropyrimidol5.4-clpuinoline (174) with Sodium Alkoxides 
A stirred solution or suspension of sodium (0.092g; 0.004gatom) in the 
corresponding alcohol (10.0ml) was treated in one portion at room temperature with 
a solution or suspension of 4,5-dichloropyrimido[5,4-c]quinoline (174) (0.509; 
0.002mol) in the corresponding alcohol (10.Oml). The mixture was stirred and 
heated under reflux with the exclusion of atmospheric moisture for lh, then worked 
up as described for the individual reactions below. 
The mixture from sodium methoxide in methanol was rotary evaporated and the 
solid residue was treated with water (5.Oml) and filtered to afford 4,5-
dimethoxypyrimido[5,4-c]quinoline (193a) (0.44g; 91%) which formed pale yellow 
needles, mp 151-152°C (from isopropanol), 6H  [(CD3)2S=0] 9.05 (IH, s, 
pyrimidineH), 8.74-8.70 (1H, m, ArH), 7.87-7.42 (2H, m, ArH), 7.60-7.52 (1H, m, 
ArH), 4.12 (3H, s, CH3) and 4.09 (3H, s, CH3). 
Extraction of the aqueous mother liquor with dichloromethane (3x5.Oml) gave no 
further material. 
The mixture from sodium isopropoxide in isopropanol was rotary evaporated and 
the solid residue was treated with water (10.Oml) and filtered to afford 4,5-
diisopropoxypyrimido[5,4-c]quinoline (193c) (0.44g; 91%) which formed colourless 
crystals, mp 70-71°C (from isopropanol), 6H  (CDCI3) 8.94 (1H, s, pyrimidineH), 
8.82-8.77 (IH, m, ArH), 7.80-7.68 (2H, m, ArH), 7.51-7.43 (IH, m, ArH), 5.71-5.33 
(2H, m, CH), 1.49 (6H, d, J 6.1, CH3) and 1.47 (6H, d, J 6.1, CH3). 
The mixture from sodium t-butoxide in t-butanol was rotary evaporated and the 
solid residue was treated with water (5.Oml) and filtered to give a cream solid (0.44g) 
which was flash-chromatographed over silica. 
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Elution with hexane-dichloromethane (2:1) afforded 4, 5-di-t-butoxypyrimido[5,4- 
c]quinoline (193d) (0.11g; 17%) which formed colourless crystals, mp 112-113°C 
(from isopropanol), 6H  (CDCI3) 8.90 (11-1, s, pyrimidineH), 8.80-8.75 (11-1, m, ArH), 
7.78-7.65 (2H, m, ArH), 7.49-7.41 (IH, m, ArH), 1.76 (9H, s, CH3) and 1.74 (9H, s, 
CH3), whose structure was confirmed by X-ray analysis (see Figure 17 and Tables 
11 and 12, p 292). 
Further elution with hexane-dichloromethane (2:1) afforded 5-chloro-4-t- 
butoxypyrimido[5,4-c]quinoline (194d) (0.15g; 26%) which formed colourless 
crystals, mp 140-141°C (from isopropanol), 6H  (CDCI3) 8.98 (IH, s, pyrimidineH), 
8.95-8.90 (11-1, m, ArH), 8.06-8.01 (IH, m, ArH), 7.90-7.81 (IH, m, ArH), 7.74-7.66 
(1 H, m, ArH) and 1.80 (9H, s, CH3), whose structure was confirmed by X-ray 
analysis (see Figure 18 and Tables 13 and 14, p  296). 
Final elution with methanol afforded impure 5-chloro-3,4-dihydro-4-oxopyrimido[5,4-
c]quinoline (192) (0.089g; 19%) identified by comparison (ir spectrum) with a sample 
prepared before. 
Reactions of 4,5-Dichloropyrimido[5,4-clguinoline (174) with Alcohols 
(a) A suspension of finely powdered 4,5-dichloropyrimido[5,4-c]quinoline (174) 
(0.50g; 0.002mol) in methanol (5.Oml) was stirred at room temperature with the 
exclusion of atmospheric moisture for 0.5h. 
The insoluble solid was collected to give only unreacted 4,5-dichloropyrimido[5,4-
c]quinoline (174) (0.46g; 92%) as a pale yellow solid, mp 164-166°C, identified by 
comparison (mp, ii spectrum and tIc in dichioromethane over silica) with a sample 
prepared before. 
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Repetition of the reaction described in (a) before but under reflux for 15min gave 
a solid which was treated with 10% aqueous sodium hydrogen carbonate solution 
(5.Oml) to give 4,5-dimethoxypyrimido[5,4-c]quinoline (193a) (64%) as a pale yellow 
solid, mp 148-150°C, identified by comparison (mp, ir spectrum) with a sample 
prepared before. 
A solution of 4,5-dichloropyrimido[5,4-c]quinoline (174) (0.50g; 0.002mol) in 
dichloromethane (20.Oml) was treated with methanol (1.0ml) and the resulting 
solution was stirred at room temperature with the exclusion of atmospheric moisture 
for 0.5h. 
The solution was rotary evaporated at room temperature and the solid residue 
treated with 10% aqueous sodium hydrogen carbonate solution (5.Oml) to give a 
pale yellow solid (0.41g) which was flash-chromatographed over silica. 
Elution with hexane-dichloromethane (1:1) afforded 5-chloro-4-methoxypyrimido[5,4- 
c]quinoline (194a) (0.13g; 27%) which formed colourless microcrystals, mp 166- 
1670C (from ethyl acetate), 6H  (COd3) 9.04 (IH, s, pyrimidineH), 8.97-8.92 (1H, m, 
ArH), 8.08-8.02 (1H, m, ArH), 7.92-7.84 (1H, m, ArH), 7.76-7.68 (1H, m, ArH) and 
4.25 (31-1, s, CH3). 
Further elution with hexane-dichloromethane (1:1) afforded 4,5-dimethoxy-
pyrimido[5,4-c]quinoline (193a) (0.28g; 58%) as a colourless solid, mp 138-142°C, 
identified by comparison [ir spectrum and tIc in hexane-dichloromethane (1:1) over 
silica] with a sample prepared before. 
A suspension of 4,5-dichloropyrimido[5,4-c]quinoline (174) (0.509; 0.002mol) in 
ethanol (10.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 15mm. 
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The resulting solution was rotary evaporated and the solid residue treated with 10% 
aqueous sodium hydrogen carbonate solution (10.Oml) to give a pale yellow solid 
(0.52g) which was flash-chromatographed over silica. 
Elution with dichloromethane afforded 4,5-diethoxypyrimido[5,4-c]quinoline (193b) 
(0.31g; 58%) which formed colourless crystals, mp 114-115°C (from ethyl acetate), 
H (CDCI3) 8.97 (11-1, 5, pyrimidineH), 8.84-8.78 (IH, m, ArH), 7.83-7.69 (21-1, m, 
ArH), 7.54-7.45 (1H, m, ArH), 4.63 (21-1, q, J 7.1, CH2), 4.62 (21-1, q, J'7.1, CH2), 
1.54 (31-1, t, J 7.1, CH3) and 1.52 (31-1, t, J 7.1, CH3). 
Elution with ethyl acetate afforded 5,6-dihydro-4-ethoxy-5-oxopyrimido[5,4- 
c]quinoline (195b) (0.18g; 38%) which formed pale yellow crystals, mp 236-238°C 
(from 1,4-dioxane), vmax 3126 br (NH), 1669 (C=O) and 1605 (C=N) cm1, 6H 
[(CD3)2S=0] 11.77 (11-1, s, NH), 8.97 (11-1, s, pyrimidineH), 8.52-8.47 (11-1, m, ArH), 
7.68-7.60 (11-1, m, ArH), 7.53-7.22 (2H, m, ArH), 4.56 (2H, q, J 7.1, CH2) and 1.40 
(3H, t, J 7.1, CH3), whose structure was confirmed by X-ray analysis (see Figure 16 
and Tables 9 and 10, p  289). 
(e) A solution of 4,5-dichloropyrimido[5,4-c]quinoline (174) (0.50g; 0.002mol) in 
anhydrous isopropanol (5.Oml) was stirred and heated under reflux with the 
exclusion of atmospheric moisture for 2h. The reaction was followed by tIc in 
hexane-ethyl acetate (94:6) over silica and showed the formation and immediate 
consumption of the diisopropoxypyrimidoquinoline (1 93c). 
The resulting suspension was rotary evaporated and the solid residue treated with 
10% aqueous sodium hydrogen carbonate solution (5.Oml) and the insoluble solid 
collected to afford the crude sodium salt of 4,5-dioxo-3,4,5,6-tetrahydropyrimido[5,4-
c]quinoline (167a) (0.24g; 100%), mp 348-352°C (decomp with gas evolution), 
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identified by comparison (ir spectrum) with a sample prepared before and was 
crystailised from acetic acid to afford 4, 5-dioxo-3,4, 5,6-tetrahydropyrimido[5,4- 
c]quinoline (167a) (0.249; 100%), as a colourless solid, mp >360°C, identical (mp 
and ir and 1  H nmr spectra) with a sample prepared before. 
The Reaction of 5-Chloro-4-methoxypyrimidol5,4-clguinoline (1 94a) with Methanol 
A suspension of 5-chloro-4-methoxypyrimido[5,4-c]quinoline (194a) (0.119; 
0.0005mol) in methanol (5.Oml) was stirred and heated under reflux for 2h. 
The resulting solution was rotary evaporated and the solid residue treated with 10% 
aqueous sodium hydrogen carbonate solution (5.Oml) to give a colourless solid 
(0.1Og) which was flash-chromatographed over silica. 
Elution with dichioromethane afforded 4,5-dimethoxypyrimido[5,4-c]quinoiine (193a) 
(0.08g; 72%) as a colourless solid, mp 151-153°C, identified by comparison [mp, ir 
spectrum and tic in hexane-dichloromethane (1:1) over silica] with a sample 
prepared before. 
5-Chioro-4-phenoxypyrimidoF5.4-clguinoline (196) 
(a) A solution of phenol (0.19g; 0.002mol) in anhydrous 1,4-dioxane (5.Oml) was 
treated with a solution of triethylamine (0.23g; 0.0022mol) in anhydrous I ,4-dioxane 
(5.Oml) and the resulting solution was stirred at room temperature and treated with a 
solution of 4,5-dichioropyrimido[5,4-c]quinoiine (174) (0.50g; 0.002mol) in anhydrous 
1,4-dioxane (10.Oml). The resulting solution was then stirred and heated under 
reflux with the exclusion of atmospheric moisture for 24h. 
The mixture was rotary evaporated and the residue was treated with water (5.Oml) 
and filtered to give a yellow solid (0.63g) which was flash-chromatographed over 
silica 
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Elution with hexane-ethyl acetate (98:2) gave unreacted 4, 5-dichloropyrimido[5,4-
c]quinoiine (174) (0.17g; 34%) as a colourless solid, mp 160-163°C, identified by 
comparison [mp, ir spectrum and tic in hexane-ethyl acetate (9:1) over silica] with a 
sample prepared before. 
Eiution with hexane-ethyl acetate (96:4) afforded 5-chioro-4-phenoxypyrimido[5,4- 
c]quinoline (196) (0.37g; 61%) which formed colourless crystals, mp 167-168°C 
(from ethyl acetate), 8H  (CDCI3) 9.00-8.95 (21-1, m, ArH and pyrimidineH), 8.12-8.08 
(IH, m, ArH), 7.96-7.90 (11-1, m, ArH), 7.80-7.73 (IH, m, ArH), 7.56-7.48 (21-1, m, 
ArH) and 7.39-7.26 (31-1, m, ArH). 
(b) Repetition of the reaction described in (a) before but for 48h gave a mixture 
which was rotary evaporated and the solid residue treated with water (5.Oml) and 
filtered to give a pale yellow solid which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (96:4) gave unreacted 4,5-dichioropyrimido[5,4-
c]quinoline (174) (18%) as a colourless solid, mp 160-163°C, identified by 
comparison [mp, ir spectrum and tic in hexane-ethyl acetate (9:1) over silica] with a 
sample prepared before. 
Elution with hexane-ethyl acetate (96:4) afforded 5-chIoro-4-phenoxypyrimido[5,4-
c]quinoline (196) '(66%) as a colourless solid, mp 163-166°C, identified by 
comparison [mp, ir spectrum and tic in hexane-ethyl acetate (9:1) over silica] with a 
sample prepared in (a) before. 
The AttemDted Reaction of 5-Chioro-4-phenoxyøyrimidoF5,4-clpuinoline (196) with 
Aluminium Trichioride in Dichioromethane 
A suspension of anhydrous aluminium trichioride (0.53g; 0.004mol) in anhydrous 
dichloromethane (10.Oml) was stirred at room temperature under nitrogen and 
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treated dropwise with a solution of 5-chloro-4-phenoxypyrimido[5,4-c]quinoline (196) 
(0.62g; 0.002mol) in anhydrous dichioromethane (10.Oml). The resulting yellow 
solution was then stirred under nitrogen and heated under reflux for 4h. 
The resulting yellow orange solution was cooled to room temperature and poured 
into 10% wlv aqueous sodium hydrogen carbonate solution (31 .Omi). The insoluble 
aluminium salts were removed by filtration and the dichioromethane-water filtrate 
was separated and the aqueous phase extracted with dichloromethane (2x10.Omi). 
Rotary evaporation of the combined organic extracts gave only impure starting 
material (196) (0.529; 84%) as a cream solid, mp 155-165°C, identified by 
comparison [ir spectrum and tic in hexane-ethyl acetate (9:1) over siiica] with a 
sample prepared before. 
This solid (0.52g) was redissolved in anhydrous dichloromethane (10.Oml) and 
added dropwise under nitrogen at room temperature to a stirred suspension of 
anhydrous aluminium trichioride (1 .3g; 0.01 mol) in anhydrous dichloromethane 
(10.0ml). The resulting suspension was then stirred under nitrogen and heated 
under reflux for 4h. 
The resuiting yellow orange solution was cooled to room temperature and poured 
into 10% w/v aqueous sodium hydrogen carbonate solution (77.5ml) and the 
insoluble aluminium salts were removed by filtration. 
The dichloromethane-water filtrate was separated and the aqueous phase extracted 
with dichloromethane (2x10.Oml). Rotary evaporation of the combined organic 
extracts gave a yellow foam (0.45g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) gave unreacted starting material (196) 
(0.12g; 19%) as a colourless solid, mp 161 -163°C, identified by comparison (mp and 
ir spectrum) with a sample prepared before. 
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Further elution with hexane-ethyl acetate (7:3) through to ethyl acetate and finally 
methanol gave only a series of intractable solids (total 0.33g) from which no 
identifiable material could be obtained. 
Reactions of 2,4,5-TrichloropyrimidoF5.4-clguinoline (175) with Sodium Methoxide in 
Methanol 
(a) A stirred suspension of the trichloro compound (175) (0.43g; 0.0015mol) in 
methanol (22.5ml) was treated dropwise at 0-5°C (ice-salt bath) with a solution of 
sodium (0.10g; 0.0045mo1) in methanol (11.25ml). The resulting suspension was 
then stirred and heated under reflux with the exclusion of atmospheric moisture for 
1 h. 
The mixture was rotary evaporated and the solid residue treated with water (5.Oml) 
to afford an unresolvable (3:2) mixture of 2,4,5-trimethoxypyrimido[5,4-c]quinoline 
(201) (0.22g; 54%) and a chlorodimethoxy derivative (198) or (199) or (200) (0.149; 
35%), 5H  (COd3) 8.81-8.76 (IH, m, ArH) [(198) or (199) or (200)], 8.73-8.68 (1H, 
m, ArH) (201), 7.99-7.94 (1H, m, ArH) [(198) or (199) or (200)], 7.86-7.58 (4H, m, 
ArH) [(198) or (199) or (200) and (201)], 4.20 (3H, s, CH3) [(198) or (199) or (200)], 
4.19 (3H, s, CH3) [(198) or (199) or (200)], 4.18 (6H, s, CH3) (201) and 4.16 (3H, 5, 
CH3) (201), ö (CDCI3) 169.4 (quat) (201), 168.5 (quat) [(198) or (199) or (200)], 
164.2 (quat) (201), 164.1 (quat) [(198) or (199) or (200)], 160.1 (quat) (201), 159.1 
(quat) [(198) or (199) or (200)], 158.2 (quat) (201), 146.5 (quat) [(198) or (199) or 
(200) and (201)], 132.4 (CH) [(198) or (199) or (200)], 131.9 (CH) (201), 127.9 (CH) 
[(198) or (199) or (200)], 127.0 (CH) [(198) or (199) or (200)], 126.6 (CH) (201), 
124.5 (CH) [(198) or (199) or (200)], 124.4 (CH) (201), 124.0 (CH) (201), 122.7 
(quat) [(198) or (199) or (200)], 121.3 (quat) [(198) or (199) or (200) and (201)], 
104.2 (quat) [(198) or (199) or (200)], 97.8 (quat) (201), 55.2 (CH3) [(198) or (199) 
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or (200)], 54.9 (CH3) [(198) or (199) or (200)], 54.9 (CH3) (201), 54.8 (CH3) (201) 
and 53.7 (CH3) (201). 
Found: m/z (Elms), 	 275 and 271 (M) 
1UiociN.32_1( 198) or (199) or (200)1 requires: M, 275 
914H33 (201) requires: M, 	 271 
(b) A stirred suspension of the trichloro compound (175) (0.57g; 0.002mol) in 
methanol (20.Oml) was treated dropwise at 0-5°C (ice-salt bath) with a solution of 
sodium (0.18g; 0.008moI) in methanol (20m1). The resulting suspension was then 
stirred and heated under reflux with the exclusion of atmospheric moisture for 3h. 
The mixture was rotary evaporated and the solid residue treated with water (5.Oml) 
to afford 2,4,5-trimethoxypyrimido[5,4-c]quinoline (201) (0.50g; 93%) which formed 
colourless needles, mp 165-166°C (from isopropanol), 6H  (COd3) 8.79-8.74 (1H, 
m, ArH), 7.83-7.68 (2H, m, ArH), 7.50-7.42 (1H, m, ArH), 4.21 (3H, s, CH3), 4.20 
(3H, s, CH3) and 4.19 (3H, s, CH3) & (COd3) 169.3 (quat), 164.2 (quat), 160.1 
(quat), 158.2 (quat), 146.5 (quat), 131.8 (CH), 126.6 (CH), 124.5 (CH), 123.9 (CH), 
121.2 (quat), 97.8 (quat), 54.9 (CH3), 54.8 (CH3) and 53.7 (CH3). 
Reactions of 4,5-Dichloropyrimido[5,4-clquinoline (174) with Ethane-1 ,2-diol 
(a) A solution of 4,5-dichloropyrimido[5,4-c]quinoline (174) (0.50g; 0.002mol) in 
anhydrous 1,4-dioxane (10.Oml) was treated with a solution of ethane-1,2-diol 
(0.12g; 0.002mol) in anhydrous 1,4-dioxane (10.OmI) and the resulting solution was 
stirred and heated under reflux with the exclusion of atmospheric moisture for 3h. 
Rotary evaporation of the mixture gave only unreacted 4,5-dichloropyrimido[5,4- 
c]quinoline (174) (0.50g; 100%) as a yellow solid, mp 156-159°C, identified by 
comparison [mp, ii spectrum and tic in hexane-ethyl acetate (9:1) over silica] with a 
sample prepared before. 
A solution of ethane-1,2-diol (0.12g; 0.002mol) in anhydrous 1,4-dioxane (5.0m1) 
was mixed with a solution of triethylamine (0.45g; 0.0044mol) in anhydrous 1,4-
dioxane (5.Oml) and the resulting solution was stirred at room temperature and 
treated with a solution of 4,5-dichloropyrimido[5,4-c]quinoline (174) (0.50g; 
0.002mol) in anhydrous 1,4-dioxane (10.0ml). The resulting solution was then stirred 
and heated under reflux with the exclusion of atmospheric moisture for 24h. 
The mixture was rotary evaporated and the residue was treated with water (5.Oml) 
and filtered to give only impure starting material (174) (0.50g; 100%) as a yellow 
solid, mp 120-130°C, identified by comparison [ir spectrum and tic in hexane-ethyl 
acetate (9:1) over silica] with a sample prepared before. 
A stirred suspension of sodium hydride (0.111g; 0.0044mol) in anhydrous 1,2-
dimethoxyethane (10.OmI) was cooled to 0°C (ice bath) and treated dropwise with a 
solution of ethane-1,2-diol (0.12g; 0.002mol) in anhydrous 1,2-dimethoxyethane 
(10.Oml). The mixture was stirred at room temperature with the exclusion of 
atmospheric moisture for 15mm, then treated with a solution of 4,5-
dichloropyrimido[5,4-c]quinoline (174) (0.50g; 0.002mol) in anhydrous 1,2-
dimethoxyethane (15.Oml). The mixture was then stirred and heated under reflux 
with the exclusion of atmospheric moisture for 1 h. 
The resulting yellow suspension was diluted with water (2.5m1) and stirred at room 
temperature for 10min then rotary evaporated and the residue treated with water 
(1 0.Oml) and filtered to afford 5,6,17,1 8-tetrahydropyrimido[5,4-c]quinolino[5,4a,4-ij]-
I ,5,8,12-tetraoxacyclotetradecano[4,3,2-de]pyrimido[5,4-c]quinoline (202) or 
5,6,17,1 8-tetrahydropyrimido[5,4-c]quinolmno[4,4a,5-ij]-1 ,5,8, I 2-tetraoxacyciotetra- 
decano[4,3,2-de]pyrimido[5,4-c]quinoline (203) (0.41 g; 85%) which formed 
colourless microcrystals, mp >345°C (from dimethyl sulfoxide), vmax  1614 (C=N) 
cm 1 , oH  [(CD3)2S=0] 9.14 (21-1, s, pyrimidineH), 8.82-8.78 (21-1, m, ArH), 7.88-7.85 
(41-1, m, ArH), 7.65-7.55 (21-1, m, ArH) and 5.10-5.00 (8H, m, CH2). 
Reactions of 45-Dichloropyrimido[5,4-c]guinoline (174) with 1.2-Dihydroxybenzene 
(Catechol) 
A solution of 4,5-dichloropyrimido[5,4-c]quinoline (174) (0.50g; 0.002mol) in 
anhydrous I ,4-dioxane (1 0.Oml) was treated with a solution of catechol (0.22g; 
0.002mol) in anhydrous 1,4-dioxane (10.Oml) andthe resulting solution was stirred 
and heated under reflux with the exclusion of atmospheric moisture for 3h. 
The solution was rotary evaporated to give a gummy solid which was washed with 
diethyl ether to give only the impure starting material (174) (0.40g; 80%) identified 
by comparison [mp, ir spectrum and tIc in hexane-ethyl acetate (7:3) over silica] with 
a sample prepared before. 
A solution of catechol (0.44g; 0.004mol) in anhydrous 1 ,4-dioxane (1 0.Oml) was 
treated with a solution of triethylamine (0.89g; 0.0088mo1) in anhydrous I ,4-dioxane 
(10.Oml) and the resulting solution was stirred at room temperature and treated with 
a solution of 4,5-dichloropyrimido[5,4-c]quinoline (174) (tOg; 0.002mol) in 
arihydrous I ,4-dioxane (20.Oml). The resulting solution was then stirred and heated 
under reflux with the exclusion of atmospheric moisture for 3h. 
The mixture was rotary evaporated and the residue was washed with water (I 0.Oml) 
to afford 5-chloro-4-(2-hydroxyphenoxy)pyrimido[5,4-c]quinoline (205) (1. 3g; 100%) 
which formed colourless microcrystals, mp 214-215°C (decomp) (from 1,4-dioxane), 
vmax 3400-3000 (OH) cm1, 0H  [(CD3)2S=0] 9.73 (IH, s, OH) (exch), 9.07 (IH, s, 
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pyrimidineH), 8.92-8.87 (IH, m, ArH), 8.11-7.99 (2H, m, ArH), 7.90-7.75 (IH, m, 
ArH), 7.27-7.14 (2H, m, ArH) and 7.04-6.87 (2H, m, ArH). 
The Attempted Sodium Hydride Catalysed Cyclisation of 5-Chloro-442-
hydroxyphenoxy)pyrimidoF5.4-clguinoline (205) 
A stirred suspension of sodium hydride solution of (0.1 lg; 0.0044mol) in anhydrous 
dimethylformamide (10.Oml) was collected to 0°C (ice bath) and treated dropwise 
with a solution of 5-chloro-4-(2-hydroxyphenoxy)pyrimido[5,4-c]quinoline (205) 
(0.65g; 0.002mol) in anhydrous dimethylformamide (10.0ml). The mixture was 
stirred at room temperature with the exclusion of atmospheric moisture for 15mm 
then stirred and heated at 100°C with the exclusion of atmospheric moisture for lh. 
The mixture was diluted with water (2.5ml) and stirred at room temperature for 
1 Omin then rotary evaporated and the solid residue treated with water (5.Oml) to give 
a beige solid (0.41g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded benzo[b]-1 ,4-dioxepino[2,3,4-de]-
pyrimido[5,4-c]quinoline (206) (0.20g; 35%) which formed colourless microcrystals, 
mp 211-212°C (from ethyl acetate), 8H  (CDCI3) 9.24 (IH, s, pyrimidineH), 8.96-8.91 
(IH, m, ArH), 8.05-8.00 (1H, m, ArH), 7.93-7.85 (1H, m, ArH), 7.72-7.55 (2H, m, 
ArH), 7.53-7.41 (IH, m, ArH) and 7.38-6.20 (2H, m, ArH). 
Elution with ethyl acetate gave a yellow solid which was combined with a second 
crop of solid, obtained by acidification of the aqueous mother liquor with 2M 
aqueous hydrochloric acid and collection of the precipitated solid, to afford 4,5-
dihydro-4-(2-hydroxyphenoxy)-5-oxopyrimido[5,4-c]quinoline (207) ( total 0.1 9g; 
31%) which formed beige crystals, mp 295-297°C (decomp, gas evolution) (from 
acetic acid), vmax 3380 br (NH and OH), 1670 (C=O) and 1612 (C=N) cm1, SH 
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[(CD3)2S=0] 13.10-12.60 (1H, bs, NH or OH) (exch), 9.42 (1H, s, NH or OH) (exch), 
8.69-8.64 (IH, m, ArH), 8.55 (IH, s, pyrimidineH), 7.80-7.77 (1H, m, ArH), 7.59-7.52 
(21-1, m, ArH), 7.23-7.06 (21-1, m, ArH) and 6.98-6.83 (21-1, m, ArH). 
4-Amino-5-chloropyrimido[5.4-clpuinoline (208a) 
Ammonia gas was passed continuously through a stirred solution of the dichioro 
compound (174) (5.0g; 0.02mol) in anhydrous 1,4-dioxane (200ml) at room 
temperature with the exclusion of atmospheric moisture for I h. 
The resulting suspension was rotary evaporated and the solid residue treated with 
water (lOOmI) and filtered to afford 4-amino-5-chloropyrimido[5,4-c]quinoline (208a) 
(4.6g; 100%) which formed cream needles, mp 233-235°C (from ethanol) (with 
resolidification at 320345°C), vmax  3471 and 3295 (NH) and 1661 (C=N) cm 1 , oH 
[(CD3)2S=O] 8.81-8.76 (1H, m, ArH), 8.72 (IH, s, pyrimidineH), 8.62 (IH, bs, NH), 
7.96-7.86 (31-1, m, ArH and NH) and 7.77-7.69 (1H, m, ArH). 
A suspension of the dichloro compound (174) (0.50g; 0.002mol) in liquid 
ammonia (10.OmI) was stirred at room temperature with the exclusion of 
atmospheric moisture for 17h, allowing the ammonia to evaporate in the process. 
The solid residue was treated with water (10.Oml) and filtered to afford 4-amino-5-
chloropyrimido[5,4-c]quinoline (208a) (0.46g; 100%), mp 234-235°C (phase 
modification at 195-200°C), identified by comparison (mp and ir, 1 H nmr and mass 
spectra) with a sample prepared before. 
Attempted Reactions of 4-Amino-5-chloropyrimidof5,4-c]ciuinoline (208a) with 
Ammonia 
(a) Ammonia gas was passed continuously through a stirred solution of 4-amino-5- 
chloropyrimido[5,4-c]quinoline (208a) (0.23g; 0.001 mol) in anhydrous I ,4-dioxane 
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(10.Omi) with the exclusion of atmospheric moisture while heating (oil bath) at 70°C 
for 2h then at 90°C for 1 h. 
Rotary evaporation of the resulting solution gave only the unreacted starting material 
(208a) (0.23g; 100%), mp 220-225°C, identified by comparison [ir spectrum and tic 
in dichloromethane-methanol (96:4) over silica] with a sample prepared before. 
(b) A suspension of the amino chloro compound (208a) (0.239; 0.001mol) in 
anhydrous 1,4-dioxane (5.Oml) was saturated with ammonia gas at 10°C and the 
resulting mixture was stirred and heated in a pressure tube at 80°C (oil bath) for 
2. 5h. 
The resulting solution was rotary evaporated to afford only the unreacted starting 
material (208a) (0.23g; 100%), as a yellow solid, mp 233-235°C, identified by 
comparison [mp, ir spectrum and tic in dichloromethane-ethyl acetate (1:1) over 
silica] with a sample prepared before. 
(C) A suspension of the amino chloro compound (208a) (0.23g; 0.001mol) in liquid 
ammonia (5.Omi) was stirred in a pressure tube at room temperature for lh. The 
resulting suspension was then stirred for a further I h with gradual heating to 80°C. 
Evaporation of the ammonia gave a solid residue which was treated with water 
(5.Oml) and filtered to afford only the unreacted starting material (208a) (0.22g; 95%) 
as a yellow solid, mp 228-231°C, identified by comparison [ir spectrum and tic in 
dichloromethane-ethyl acetate (1:1) over silica] with a sample prepared before. 
Reactions of 4.5-DichloroDvrimidol5.4-clauinoline 0 74 with Benzvlamine 
(a) A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
I ,4-dioxane (10.Oml) was treated with a solution of benzylamine (0.86g; 0.008mol) 
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in anhydrous I ,4-dioxane (10.Oml) and the resulting suspension was then stirred 
and heated under reflux with the exclusion of atmospheric moisture for 24h. 
The suspension was rotary evaporated and the solid residue treated with water 
(10.0ml) and extracted with dichloromethane (3x10.Oml) to give a yellow gum 
(0.78g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 4-(N-benzylamino)-5- 
chloropyrimido[5,4-c]quinoline (208b) (0.19g; 30%) which formed colourless 
crystals, mp 144-145°C (from ethyl acetate), vmax  3367 (NH) Cm1, 6H 
[(CD3)2S=O] 8.94-8.89 (IH, m, ArH), 8.86 (1H, d, J 0.5, pyrimidineH), 8.15 (IH, bt, 
NH), 7.99-7.94 (IH, m, ArH), 7.88-7.83 (1H, m, ArH), 7.80-7.65 (1H, m, ArH), 7.47-
7.26 (5H, m, ArH) and 4.90 (2H, d, J 4.6, CH2), Sr [(CD3)2S0] 158.5 (CH), 158.1 
(quat), 156.1 (quat), 144.7 (quat), 137.1 (quat), 132.2 (CH), 128.8 (CH), 127.8 (CH), 
127.7 (CH), 127.6 (CH), 124.8 (CH), 123.8 (quat), 105.2 (quat) and 45.8 (CH2). 
Elution with hexane-ethyl acetate (8:2) afforded 4,5-bis(N-benzylamino)pynmido[5,4- 
c]quinoline (209b) (0.47g; 60%) which formed yellow microcrystals, mp 130-132°C 
[from ethyl acetate-light petroleum (b.p. 6080°C)], vmax  3269 br and 3203 br (NH) 
and 1640 (C=N) cm 1 
(b) A stirred solution of the dichloro compound (174) (0.25g; 0.001mol) in anhydrous 
I ,4-dioxane (5.Oml) was treated with a solution of benzylamine (0.21g; 0.002mol) in 
anhydrous 1,4-dioxane (5.Oml) and the resulting suspension was then stirred at 
room temperature with the exclusion of atmospheric moisture for 15mm. 
The resulting suspension was rotary evaporated and the solid residue treated with 
water (5.Oml) and filtered to afford 4-(N-benzylamino)-5-chloropyrimido[5,4-c]- 
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quinoline (208b) (0.31g; 98%) as a pale yellow solid, mp 143-145°C, identified by 
comparison (mp and ir spectrum) with a sample prepared in (a) before. 
(c) A suspension of the dichloro compound (174) (0.50g; 0.002mol) in benzylamine 
(1.0ml) was quickly heated to reflux and the resulting solution was left to cool to 
room temperature for 20mm. 
The resulting semisolid was treated with water (5.Oml) and the mixture filtered to 
give a yellow solid (0.86g) which was washed with diethyl ether to afford 4,5-bis(N-
benzylamino)pyrimido[5,4-c]quinoline (209b) (0.61g; 78%) as a pale yellow solid, mp 
118-125, identified by comparison [ir spectrum and tic in hexane-ethyl acetate (8:2) 
over silica] with a sample prepared before. 
The Attempted Debenzylation of 4,5-Bis(N-benzylamino)pyrimidoF5,4-ciciuinoline 
(209b) 
A stirred suspension of the bis(benzylamino)pyrimidoquinoline (209b) (0.78g; 
0.002mol) in liquid ammonia (10.Oml) was cooled to -78°C (solid CO2-acetone bath) 
then treated portionwise with sodium (0.24g; O.Olg.atom). The resulting blue 
solution was stirred at -78°C (solid CO2-acetone bath) with the exclusion of 
atmospheric moisture for a further 0.5h. The blue mixture was then treated with solid 
ammonium chloride and the resulting yellow mixture was stirred at room 
temperature for 17h, allowing the ammonia to evaporate in the process. 
The residual gum was treated with water (5.Oml) and the mixture extracted with 
dichloromethane (3x5.Oml) to give an intractable yellow brown gum (0.80g) from 
which no identifiable material could be obtained. 
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4-Anilino-5-chloroDvrimidoF5.4-clauinoline (208d 
A stirred solution of the dichloro compound (174) (0.25g; 0.001mol) in anhydrous 
1,4-dioxane (5.Oml) was treated with a solution of freshly distilled aniline (0.199; 
0.002) in anhydrous 1 ,4-dioxane (5.Oml) and the resulting suspension was stirred at 
room temperature with the exclusion of atmospheric moisture for 4h. 
The suspension was rotary evaporated and the solid residue treated with water 
(5.Oml) and filtered to afford 4-anilino-5-chloropyrimido[5,4-c]quinoline (208d) 
(0.26g; 84%) which formed colourless crystals, mp 204-206°C (from ethyl acetate), 
vmax 3378 (NH) and 1606 (C=N) cm1, 8H  (CDCI3) 9.66 (IH, s, NH), 8.98-8.93 (1H, 
m, ArH), 8.92 (1H, s, pyrimidineH), 8.04-7.99 (1H, m, ArH), 7.92-7.84 (1H, m, ArH), 
7.77-7.68 (3H, m, ArH), 7.50-7.40 (2H, m, ArH) and 7.30-7.21 (1H, m, ArH). 
4.5-DianilinoDvrimido[5.4-clauinoline (209d 
A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
1 ,4-dioxane (10.Oml) was treated at room temperature with a solution of freshly 
distilled aniline (0.75g; 0.008) in anhydrous 1,4-dioxane (10.Oml) and the resulting 
suspension was then stirred and heated under reflux with the exclusion of 
atmospheric moisture for 24h. 
The suspension was rotary evaporated and the solid residue treated with water 
(10.Oml) and filtered to afford 4,5-dianilinopyrimido[5,4-c]quinoline (209d) (0.72g; 
100%) which formed colourless crystals, mp 201-202°C (from acetic acid), Vmax 
3389 (NH) and 1631 (C=N) cm1, 6H  [(CD3)2S=0] 13.94 (IH, s, NH), 10.26 (IH, s, 
NH), 8.74 (1H, s, pyrimidineH), 8.42 (1H, d, J 8.0, ArH), 7.75-7.71 (2H, m, ArH), 
7.50-7.33 (6H, m, ArH) and 7.20-7.06 (5H, m, ArH), whose structure was confirmed 
by X-ray analysis (see Figure 19 and Tables 15 and 16, p  308). 
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Ethyl N-(5-ChloropyrimidoF5,4-c]guinolin-4-yl)qlycjnate (208c) 
A suspension of ethyl glycinate hydrochloride (0.28g; 0.002mol) in anhydrous 1,4-
dioxane (5.Oml) was treated with a solution of triethylamine (0.45g; 0.0044mo1) in 
anhydrous I 4-dioxane (5.Oml). The resulting suspension was then treated with a 
solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 1 ,4-dioxane 
(10.Oml) and the mixture stirred at room temperature with the exclusion of 
atmospheric moisture for 5h. 
The suspension was rotary evaporated and the solid residue treated with water 
(10.Oml) and filtered to afford ethyl N-(5-chloropyrimido[5,4-c]quinolin-4-yl)glycinate 
(208c) (0.62g; 98%) which formed colourless crystals with a green tinge, mp 167- 
1680C (from ethyl acetate), vmax 3404 (NH) and 1740 (C=O) cm 1 , 5H (CDCI3) 
8.95-8.90 (1H, m, ArH), 8.84 (1H, s, pyrimidineH), 8.48 (IH, bt, NH), 8.02-7.97 (IH, 
m, ArH), 7.90-7.81 (IH, m, ArH), 7.74-7.66 (1H, m, ArH), 4.44 (21-1, d, J 4.6, CH2), 
4.32 (21-1, q, J 7.1, CH2) and 1.34 (3H, t, J 7.1, CH3). 
5-Chloro-4-N, N-dimethylaminopyrimido[5,4-clpuinoline (208e) 
(a) A solution of the dichloro compound (174) (0.50g; 0.002moI) in tetrahydrofuran 
(5.Oml) was treated with 40% w/w aqueous dimethylamine solution (0.51g; 
0.008mol) in tetrahydrofuran (5.Oml) and the resulting solution was stirred at room 
temperature for lh. 
The resulting emulsion was rotary evaporated and the residue treated with 10% w/v 
aqueous sodium hydrogen carbonate solution (5.Oml) and extracted with 
dichloromethane (3x5.Oml) to afford 5-chloro-4-N, N-dimethylaminopyrimido[5,4-
c]quinoline (208e) (0.41g; 79%) which formed yellow crystals, mp 147-148°C (from 
isopropanol), 8H  (CDCI3) 8.84-8.79 (IH, m, ArH), 8.74 (IH, s, pyrimidineH), 7.99- 
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7.94 (IH, m, ArH), 7.85-7.76 (IH, m, ArH), 7.68-7.60 (1H, m, ArH) and 3.28 (61-1, s, 
CH3), whose structure was confirmed by X-ray analysis (see Figure 20 and Tables 
17 and 18, p 311). 
(b) A solution of the dichioro compound (174) (0.50g; 0.002mol) in 1,2-
dimethoxyethane (15.Oml) was treated with 40% w/w aqueous dimethylamine 
solution (0.51g; 0.008mol) in 1,2-dimethoxyethane (5.Oml) and the resulting 
emulsion was stirred at 50°C (oil bath) for lh by which time tIc of the reaction 
mixture in hexane-ethyl acetate (9:1) over silica showed complete conversion of the 
dichloro compound (174) into the chloro dimethylamino compound (208e). The 
emulsion was then heated under reflux for lh, retreated with a further amount of 
40% w/w aqueous dimethylamine solution (0.51g; 0.008mol) in 1,2-dimethoxyethane 
(5.Oml) and heated under reflux for a further 3h. However, tIc of the reaction mixture 
showed only the presence of the mono substituted compound (208e) and no 
disubstituted product (209e). 
The emulsion was rotary evaporated and the residue treated with 10% w/v aqueous 
sodium hydrogen carbonate solution (5.Oml) and extracted with dichloromethane 
(3x5.Oml) to afford 5-chloro-4-N, N-dimethylaminopyrimido[5,4-c]quinoline (208e) 
(0.48g; 93%) as a yellow solid, mp 143-145°C, identified by comparison [mp, ir 
spectrum and tIc in hexane-ethyl acetate (9:1) over silica] with a sample prepared in 
(a) before. 
The Attempted Reaction of 5-Chloro-4-N, N-dimethylaminopyrimidol5,4-c]guinoline 
(208e) with Methanol 
A solution of 5-chloro-4-N,N-dimethylaminopyrimido[5,4-c]quinoline (208e) (0.26g; 
0.001mol) in methanol (10.Oml) was stirred and heated under reflux for 2h. 
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Rotary evaporation of the solution gave only the unreacted starting material (208e) 
(0.26g; 100%) as a yellow solid, mp 145-149°C, identified by comparison (mp and ir 
spectrum) with a sample prepared before. 
The Reaction of 5-Chloro-4-(N,N-dimethylamino)pyrimido[5,4-clguinoline (208e) with 
Methanolic Sodium Methoxide 
A stirred suspension of 5-chloro-4-(N, N-dimethyiamino)pyrimido[5,4-c]quinoline 
(208e) (0.26g; 0.001 mol) in methanol (20.Oml) was treated dropwise at 0-5°C (ice 
bath) with a solution of sodium (0.046g; 0.002g.atom) in methanol (5.Oml) and the 
resulting suspension was stirred and heated under reflux with the exclusion of 
atmospheric moisture for lh. 
The resulting solution was rotary evaporated and the solid residue treated with water 
(5.Oml) and filtered to give a yellow solid (0.25g) which was flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 4,5-dimethoxypyrimido[5,4-
c]quinoline (193a) (0.14g; 58%) as a colourless solid, mp 151-152°C, identified by 
comparison [mp, ir and "H nmr spectra and tic in hexane-ethyl acetate (8:2) over 
silica] with a sample prepared before. 
Further elution with hexane-ethyl acetate (7:3) afforded only impure starting material 
(208e) (0.11g; 42%) as a yellow solid, mp 137-141°C, identified by comparison [ir 
spectrum and tic in hexane-ethyl acetate (8:2) over silica] with a sample prepared 
before. 
5-Chioro-4-(N, N-Benzyimethylamino)pyrimidoF5,4-clpuinoiine (2080 
(a) Astirred solution of the dichioro compound (174) (0.25g; 0.001moi) in anhydrous 
I ,4-dioxane (5.Oml) was treated at room temperature with a solution of 
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benzylmethylamine (0.24g; 0.002) in anhydrous 1 ,4-dioxane (5.Oml) and the 
resulting suspension was then stirred at room temperature with the exclusion of 
atmospheric moisture for 1 5mm. 
The suspension was rotary evaporated and the solid residue treated with water 
(5.Oml) and filtered to afford 5-chloro-4-(N,N-benzylmethylamino)pyrimido[5,4-
c]quinoline (2080 (0.32g; 97%) which formed pale yellow crystals, mp 156-157°C 
(from ethanol), 8H  [(CD3)2S=O] 8.80-8.75 (21-1, m, ArH and pyrimidineH), 7.99-7.87 
(21-1, m, ArH), 7.79-7.70 (11-1, m, ArH), 7.40-7.23 (51-1, m, ArH), 5.33 (11-1, bs, CH2), 
5.19 (1H, bs, CH2) and 3.34 (31-1, s, CH3). 
(b) Repetition of the reaction described in (a) before but under reflux for 3h gave 
after work up 5-chloro-4-(N,N-benzylmethylammno)pyrimido[5,4-c]qumnoline (2080 
(86%) as a pale yellow solid, mp 153-155°C, identified by comparison (mp and ir 
spectrum) with a sample prepared in (a) before. 
(C) A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
1 ,4-dioxane (1 0.Oml) was treated at room temperature with a solution of 
benzylmethylamine (0.96g; 0.008) in anhydrous 1,4-dioxane (10.Oml) and the 
resulting suspension was then stirred and heated under reflux with the exclusion of 
atmospheric moisture for 24h. 
The mmxture was rotary evaporated and the residue was treated with water (10.Oml) 
and extracted with dichloromethane (3x10.Oml) to give a gummy yellow solid (0.74g) 
which was washed with light petroleum (b.p. 40-60°C) to afford 5-chloro-4-(N,N-
benzylmethylamino)pyrimido[5,4-c]quinoline (2080 (0.60g; 90%) as a pale yellow 
solid, mp 152-154°C, identified by comparison [mp, ir spectrum and tic in hexane-
ethyl acetate (8:2) over silica] with a sample prepared in (a) before. 
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The Reaction of 5-Chloro-4-(NN-Benzylmethylamino)pyrimidoF5.4-c1guinoljne (208f) 
with Methanolic Sodium Methoxide 
A stirred suspension of 5-chloro-4-(N , N-benzylmethylamino)pyrimido[5,4-c]quinoline 
(2080 (0.34g; 0.001mol) in methanol (20.Oml) was treated dropwise at 0-5°C (ice 
bath) with a solution of sodium (0.046g; 0.002g.atom) in methanol (5.Oml) and the 
resulting suspension was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 11 h. 
The resulting solution was rotary evaporated and the solid residue was treated with 
water (5.Oml) and filtered to give a yellow solid (0.24g) which was flash-
chromatographed over silica. 
Elution with dichloromethane-hexane (3:2) afforded 4,5-dimethoxypyrimido[5,4-
c]quinoline (193a) (0.20g; 83%) as a colourless solid, mp 143-146°C, identified by 
comparison [mp, ir spectrum and tIc in hexane-ethyl acetate (85:15) over silica] with 
a sample prepared before. 
Reactions of 4,5-Dichloropyrimido[5,4-clguinoline (174) with Piperidine 
(a) A stirred solution of the dichloro compound (174) (0.25g; 0.001mol) in anhydrous 
1,4-dioxane (5.Oml) was treated with a solution of piperidine (0.17g; 0.002moI) in 
anhydrous 1 ,4-dioxane (5.Oml) and the resulting suspension was stirred at room 
temperature with the exclusion of atmospheric moisture for 15min.  
The suspension was rotary evaporated and the solid residue was treated with water 
(5.OmI) and filtered to afford 5-chloro-4-(piperidin-1 -yl)pyrimido[5,4-c]quinoline 
(208h) (0.28g; 92%) which formed colourless crystals, mp 127-128°C (from ethyl 
acetate), 8H  (CDCI3) 8.84-8.80 (IH, m, ArH), 8.75 (IH, s, pyrimidineH), 7.99-7.94 
(11-1, m, ArH), 7.85-7.77 (1H, m, ArH), 7.70-7.61 (IH, m, ArH), 3.95-3.87 (21-1, m, 
401 
CH2), 3.72-3.61 (2H, m, CH2) and 1.73-1.55 (6H, m, CH2), whose structure was 
confirmed by X-ray analysis (see Figure 21and Tables 19 and 20, p  314). 
(b) A stirred solution of the dichioro compound (174) (0.50g; 0.002mol) in anhydrous 
1 ,4-dioxane (10.Oml) was treated with a solution of pipendine (0.68g; 0.008mol) in 
anhydrous 1,4-dioxane (10.OmI) and the resulting suspension was stirred and 
heated under reflux with the exclusion of atmospheric moisture for 24h. 
The suspension was rotary evaporated and the solid residue was treated with water 
(10.Oml) and extracted with dichloromethane (3x10.Oml) to give a yellow gum 
(0.66g) which was flash-chromatographed over silica. 
Elution with dichioromethane-ethyl acetate (95:5) afforded 5-chloro-4-(piperidin-1 - 
yl)pyrimido[5,4-c]quinoline (208h) (0.40g; 67%) as a yellow solid, mp 126-128°C, 
identified by comparison (mp and ir spectrum) with a sample prepared in (a) before. 
Elution with dichioromethane-ethyl acetate (9:1) afforded 4,5-di-(piperidin-1- 
yl)pyrimido[5,4-c]quinoline (209h) (0.16g; 23%) which formed colourless crystals, 
mp 152-153°C (from ethanol), 8H  (COd3) 8.69-8.63 (2H, m, ArH and pyrimidineH), 
7.73-7.59 (2H, m, ArH), 7.39-7.31 (1H, m, ArH), 4.65-4.35 (1H, m, CH2), 34.05-3.15 
(6H, m, CH2), 3.05-2.70 (1H, m, CH2) and 2.25-1.05 (12H, m, CH2). 
5-Chloro-4-(N-cyanomethyl-N-methylamino)pyrimidof5,4-clguinoline (208q) 
A suspension of methylaminoacetonitrile hydrochloride (0.21g; 0.002mol) in 
anhydrous I ,4-dioxane (5.Oml) was treated with a solution of triethylamine (0.45g; 
0.0044mo1) in anhydrous I ,4-dioxane (5.Oml) and the suspension was stirred at 
room temperature and treated with a solution of the dichloropyrimidoquinoline (174) 
(0.50g; 0.002moI) in anhydrous 1,4-dioxane (10.Oml) then stirred at room 
temperature with the exclusion of atmospheric moisture for 5h. 
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The suspension was rotary evaporated and the solid residue was treated with water 
(10.Oml) and extracted with dichloromethane (3x10.Oml) to afford 5-chloro-4-(N-
cyanomethyl-N-methylamino)pyrimido[5,4-c]quinoline (208g) (0.53g; 93%) which 
formed pale yellow crystals, mp 154-155°C (from ethyl acetate), 5H  (COd3) 8.95- 
8.88 (2H, m, ArH and pyrimidineH), 8.05-8.00 (IH, m, ArH), 7.92-7.84 (1H, m, ArH), 
7.77-7.68 (1H, m, ArH), 4.56 (21-1, bs, CH2) and 3.35 (3H, s, CH3), whose structure 
was confirmed by X-ray analysis (see Figure 22and Tables 21 and 22, p  318). 
4-Amino-5,6-dihydro-5-oxopyrimido[54-c]puinoline (210) 
A stirred solution of the amino chioro compound (208a) (0.46g; 0.002mol) in 1,4-
dioxane (14.Oml) was treated at refluxed with 2M aqueous sodium hydroxide 
solution (6.Oml) and the resulting emulsion was then stirred and heated under reflux 
for lh. 
The emulsion was rotary evaporated and the solid residue treated with water and 
filtered to afford 4-amino-5,6-dihydro-5-oxopyrimido[5,4-c]quinoline (210) (0.42g; 
100%) which formed yellow crystals, mp >335°C (from dimethyl sulfoxide/water), 
vmax 3369 and 3256 (NH), 3102 br (NH, OH), 1669 (C=O) and 1619 (C=N) cm 1 , 
5H [(CD3)2S=0] 11.91 (IH, s, NH) (exch), 8.93 (IH, d, J 4.0, NH) (exch), 8.68 (1H, 
s, pyrimidineH), 8.48-8.43 (11-1, m, ArH), 8.28 (11-1, d, J 4.0, NH) (exch), 7.68-760 
(IH, m, ArH) and 7.38-7.25 (21-1, m, ArH). 
A solution of the amino chloro compound (208a) (0.23g; 0.001mol) in glacial 
acetic acid (5.Oml) was stirred and heated under reflux for 0.5h. 
The precipitated solid was collected by hot-filtration to give a cream solid (0.21g) 
which was treated with 10% w/v aqueous sodium hydrogen carbonate solution 
(2.5m1) to afford 4-amino-5,6-dihydro-5-oxopyrimido[5,4-c]quinoline (210) (0.20g; 
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95%) as an insoluble colourless solid, mp 354-357°C (decomp with gas evolution), 
identified by comparison (mp and ir spectrum) with a sample prepared in (a) before. 
4-Amino-5-methoxypyrimido[5.4-clpuinoline (211) 
A suspension of the amino chloro compound (208a) (0.23g; O.00lmol) in methanol 
(20.Oml) was treated dropwise at 0-5°C (ice bath) with a solution of sodium (0.0469; 
0.002g.atom) in methanol (5.Oml). The resulting suspension was stirred and heated 
under reflux with the exclusion of atmospheric moisture for I h. 
The suspension was rotary evaporated and the solid residue treated with water 
(5.Oml) and filtered to afford 4-amino-5-methoxypyrimido[5,4-c]quinoline (211) 
(0.19g; 89%) which formed pale yellow crystals, mp 247-248°C (from I ,4-dioxane), 
vmax 3471, 3293 (NH) and 1646 (C=N) cm1, 6H  [(CD3)2S=O] 8.70-8.66 (21-1, m, 
ArH and pyrimidineH), 8.25 (IH, s, NH), 7.85-7.73 (31-1, m, ArH and NH), 7.54-7.48 
(IH, m, ArH) and 4.15 (3H, s, CH3). 
4-Amino-5-(N-benzylamino)pyrimidoF5,4-clguinoline (212) 
A solution of 4-amino-5-chloropyrimido[5,4-c]quinoline (208a) (0.92g; 0.004mol) in 
anhydrous I ,4-dioxane (20.Oml) was treated with a solution of benzylamine (0.86g; 
0.008mol) in anhydrous 1 ,4-dioxane (20.Oml) and the resulting yellow so!ution was 
stirred and heated under reflux with the exclusion of atmospheric moisture for 24h. 
The mixture was rotary evaporated and the solid residue treated with water (10.Oml) 
and filtered to give a yellow solid which was flash-chromatographed over silica. 
Elution with dichloromethane-methanol (99:1) afforded unreacted starting material 
(208a) (0.1Og; 11 9/6) as a colourless solid, mp 231-233°C, identified by comparison 
[ir spectrum and tic in dichloromethane-methanol (98:2) over silica] with a sample 
prepared before. 
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Further elution with dichloromethane-methanol (98:2) afforded 4-amino-5-(N- 
benzylamino)pyrimido[5,4-c]quinoline (212) (0.55g; 49%) which formed colourless 
crystals, mp 202-204°C (from ethanol), vmax  3435, 3371 and 3294 (NH) and 1645 
(C=N) cm1, 8H  [(CD3)2S=0] 10.78 (IH, d, J 5.8, NH) (exch), 10.00 (1H, s, NH) 
(exch), 8.62-8.32 (21-1, m, ArH), 8.44 (IH, s, pyrimidineH), 7.94 (11-1, d, J 5.8, NH) 
(exch), 7.74-7.08 (71-1, m, ArH) and 4.49 (21-1, s, CH2). 
4,5-Bis(N-benzylamino)pyrimidoF5,4-clguinoline (209b) 
A suspension of the amino chloro compound (208a) (0.46g; 0.002mol) in 
benzylamine (1 .Oml) was quickly heated to reflux and the resulting solution was left 
to cool to room temperature for 20mm. 
The resulting semisolid was treated with water (5.Oml) and the insoluble solid 
collected to afford 4,5-bis(N-benzylamino)pyrimido[5,4-c]quinoline (209b) (0.71 g; 
91%), as a pale yellow solid, mp 126-128°C, identified by comparison [mp, ir 
spectrum and tIc in hexane-ethyl acetate (8:2) over silica] with a sample prepared 
before. 
The Attempted Reaction of 4-Ammno-5-chloropyrimido[5,4-clguinoline (208a) with 
Ethyl Glycinate 
A suspension of ethyl glycinate hydrochloride (0.28g; 0.002mol) in anhydrous 1,4-
dioxane (5.Oml) was treated with a solution of triethylammne (0.45g; 0.0044mo1) in 
anhydrous I ,4-dioxane (5.Oml) and the suspension was stirred at room temperature 
and treated with a solution of the amino chloro compound (208a) (0.469; 0.002mol) 
in anhydrous 1,4-dioxane (10.Oml). The resulting suspension was then stirred and 
heated under reflux with the exclusion of atmospheric moisture for 20h. 
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The mixture was rotary evaporated and the solid residue treated with water (10.Oml) 
and filtered to afford only the impure starting material (208a) (0.45g; 100%) as a 
wine red solid, mp 223-230°C (decomp), identified by comparison [ir spectrum and 
tIc in dichloromethane-methanol (96:4) over silica] with a sample prepared before. 
The Attempted Thermolysis of 4-Amino-5-chloropyrimidoF5,4-c]puinoline (208a) 
The amino chloro compound (208a) (0.92g; 0.004mol) was heated at 225-230°C (oil 
bath) for 0.5h. 
The resulting orange glassy foam was collected to give an intractable orange glassy 
solid (0.82g), mp 290-295°C (decomp with gas evolution) from which no identifiable 
material could be obtained. 
Reactions of 4-Amino-5-chloropyrimido[5,4-clpuinoline (208a) with Phenyl 
Isocyanate 
(a) A stirred solution of the aminochloropyrimidoquinoline derivative (208a) (0.46g; 
0.002mol) in anhydrous 1 ,4-dioxane (1 5.Oml) was treated with a solution of phenyl 
isocyanate (0.24g; 0.002mol) in anhydrous I ,4-dioxane (5.Oml) and the mixture was 
stirred and heated under reflux with the exclusion of atmospheric moisture for 2h. 
The mixture was rotary evaporated and the solid residue treated with boiling 
methanol. The insoluble solid was collected by hot-filtration and crystallised from 
dimethylformamide to afford an unresolvable (2:3) mixture of 1-phenyl-3-(5-oxo-6H-
pyrimido[5,4-c]quinolin-4-yl)urea (216) and 4,5-dihydro-5-oxo-6-phenyl-
pyrimido[4,5,6-de]pyrimido[5,4-c]quinoline (217) as a colourless solid (0.25g), Vmax 
3361 and 3200-2900 (NH) and 1657 (C=O) cm1, 8H  [(CD3)2S01 12.49 (1H, bs, 
NH) (216), 11.98 (IH, s, NH) (216), 11.73 (IH, s, NH) (216), 11.28 (IH, bs, NH) 
(217), 9.19 (1H, s, pyrimidineH) (217), 9.11 (1H, 5, pyrimidineH) (216), 8.74-8.70 
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(IH, m, ArH) (217), 8.57-8.53 (1H, m, ArH) (216) and 7.96-7.08 (16H, m, ArH) [(216) 
and (217)]. 
Found: m/z (APCIms), 	314 and 332 [(M+H)] 
C1gjO (217) requires: M, 	313 
(216) requires: M, 	331 
(b) Repetition of the reaction described in (a) before but at 100°C for 4h, followed by 
rotary evaporation gave a residue which was washed with diethyl ether (5.Oml) to 
give a beige solid. This was washed with 10% w/v aqueous sodium hydrogen 
carbonate solution (5.Oml) to afford 5-oxo-6-phenyi-4H,6H-pyrimido[4,5,6-de]-
pyrimido[5,4-c]quinoline (217) (88%) which formed colourless microcrystals, mp 
307-309°C (decomp with gas evolution) (from dimethylformamide), vmax  3375 br 
(NH), 1667 (C=O) and 1633 (C=N) cm 1 , oH  [(CO3)2S=0] 11.28 (IH, bs, NH), 9.20 
(1H, s, pyrimidineH), 8.76-8.72 (1H, m, ArH), 7.95-7.67 (51-1, m, ArH), 7.50-7.43 (21-1, 
m, ArH) and 7.26-7.18 (IH, m, ArH). 
Attempted 	Reactions of 4.5-Dichloropyrimidol5.4-clquinoline (174) with 
Triethylam me 
(a) A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
tetrahydrofuran (15.Oml) was treated with a solution of triethylamine (0.40g; 
0.008mol) in anhydrous tetrahydrofuran (5.Oml) and the resulting solution was 
stirred at room temperature with the exclusion of atmospheric moisture for 1 h. 
Rotary evaporation of the solution gave only the unreacted starting material (174) 
(0.50g; 100%) as a yellow solid, mp 155-158°C, identified by comparison [mp, ir 
spectrum and tic in hexane-ethyl acetate (94:6) over silica] with a sample prepared 
before. 
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(b) Repetition of the reaction described in (a) before but in 1 ,4-dioxane as solvent 
and at 80°C for 4h gave, after work up only impure starting material (174) (0.50g; 
100%) as a yellow solid, mp 157-160°C, identified by comparison [mp, ir spectrum 
and tic in hexane-ethyl acetate (8:2) over silica] with a sample prepared before. 
(C) A suspension of the dichloro compound (174) (0.50g; 0.002mol) in triethylamine 
(5.Oml) was stirred at room temperature with the exclusion of atmospheric moisture 
for 1 h then under reflux for 2h. 
Rotary evaporation of the suspension gave only the unreacted starting material 
(174) (0.50g; 100%) as a yellow solid, mp 164-167°C, identified by comparison [mp, 
ir spectrum and tIc in hexane-ethyl acetate (8:2) over silica] with a sample prepared 
before. 
Attempted Reactions of 4.5-Dichloropyrimido[5,4-clguinoline (174) with Pyridine 
A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
1,4-dioxane (10.Oml) was treated with a solution of pyridine (0.32g; 0.004mol) in 
anhydrous 1,4-dioxane (10.Oml) and the resulting solution was stirred and heated 
under reflux with the exclusion of atmospheric moisture for 3h. 
The solution was rotary evaporated, the residue suspended in hot dichloromethane 
(5.Oml) and hot filtered to remove some insoluble material. 
Rotary evaporation of the dichloromethane filtrate gave only impure starting material 
(174) (0.47g; 93%) as a yellow solid, mp 145-155°C, identified by comparison [ir 
spectrum and tic in hexane-ethyi acetate (8:2) over silica] with a sample prepared 
before. 
A suspension of the dichioro compound (174) (0.50g; 0.002moi) in pyridine 
(4.Oml) was stirred at 100°C for 1h. 
Rotary evaporation of the mixture gave a brown gum (0.54g) from which no 
identifiable material could be obtained. 
(c) A suspension of the dichloro compound (174) (0.50g; 0.002mol) in pyridine 
(5.Oml) was quickly heated to reflux and then cooled to 0°C (ice bath). 
The insoluble solid was collected by filtration and washed with diethyl ether to give a 
cream solid (0.53g) which was flash-chromatographed over silica. 
Elution with dichloromethane-methanol (95:5) afforded 5-chloro-3,4-dihydro-4- 
oxopyrimido[5,4-c]quinoline (192) (0.04g; 9%) as a cream solid, mp>360°C, 
identified by comparison, (mp and ir and 1 H nmr spectra) with a sample prepared 
before. 
Further elution with dichloromethane-methanol (8:2) then methanol gave no other 
identifiable material. 
Reactions of 4,5-DichloroDvrimidoF5.4-cicluinoline (174) with Hvdrazine Monohvdrate 
(a) A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
1,4-dioxane (9.Oml) was treated at room temperature with a solution of 100% 
hydrazine monohydrate (0.11g; 0.0022mo1) in anhydrous 1,4-dioxane (1.0ml) and 
the mixture was stirred at room temperature for 4h. 
The mixture was filtered to give a yellow solid (0.47g), mp 31 5-320°C (decomp with 
gas evolution) which was treated with 10% w/v sodium hydrogen carbonate solution 
(5.Oml) and filtered to give an orange solid (0.36g; 78%) tentatively identified as 1,2-
di-(5-chloropyrimido[5,4-c]quinolin-4-yl)hydrazine (222), mp >360°C (from dimethyl 
sulfoxide), vmax 3428 br and 3300 (NH) and 1620 (C=N) cm -1 . 
409 
A stirred solution of 100% hydrazine monohydrate (2.0g; 0.04mol) in anhydrous 
1 ,4-dioxane (50.Oml) was treated dropwise with a solution of the dichloro compound 
(174) (2.5g; 0.01mol) in anhydrous 1,4-dioxane (100.Oml) and the mixture was 
stirred at room temperature for lh. 
The resulting yellow gelatinous suspension was rotary evaporated and the solid 
residue treated with water (50.Oml) and filtered to afford 4-chloro-5-
hydrazinopyrimido[5,4-c]quinoline (224) (2.5g; 100%) which formed yellow 
microcrystals, mp >330°C [from toluene-light petroleum (b.p. 6080 0C)], vmax  3424, 
3307 and 3201 (NH) cm 1 , SH  [(CD3)2S=0] 9.53 (IH, bs, NH) (exch), 8.90-8.65 
(21-1, m, ArH and pyrimidineH), 7.93-7.84 (2H, m, ArH), 7.78-7.70 (11-1, m, ArH) and 
5.27 (2H, bs, NH) (exch). 
A stirred solution of 100% hydrazine monohydrate (0.80g; 0.016mol) in 
anhydrous 1 ,4-dioxane (20.Oml) was treated dropwise at room temperature with a 
solution of the dichloro compound (174) (1.0g; 0.004mol) in anhydrous 1,4-dioxane 
(20.Oml) and the resulting emulsion was then stirred and heated under reflux with 
the exclusion of atmospheric moisture for 16h. 
The resulting suspension was rotary evaporated and the solid residue treated with 
water (50.Oml) and filtered to afford 4,5-dihydrazinopyrimido[5,4-c]quinoline (223) 
(0.92g; 96%) which formed yellow microcrystals, mp 214°C (decomp) (from 
ethanol), vmax 3292 br, 3266 br and 3161 (NH) and 1638 (C=N) cm1, 5H 
[(CD3)2S=0] 10.83 (11-1, s, NH), 8.44 (1H, s, pyrimidineH), 8.24-8.19 (11-1, m, ArH), 
7.45-7.37 (IH, m, ArH) 7.30-7.26 (11-1, m, ArH), 7.06-6.96 (IH, m, ArH), 6.58 (3H, 
bs, NH) and 4.98 (2H, bs, NH). 
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The Attempted Thermolysis of 4-Chloro-5-hydrazinopyrimido[5.4-ciciuinoline (224) 
A solution of the chioro-hydrazino compound (224) (0.25g; O.00lmol) in anhydrous 
1,4-dioxane (10.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for lh. 
The precipitated solid was collected by hot-filtration to give an intractable orange red 
solid (0.249), mp 360°C (decomp), from which no identifiable material could be 
obtained. 
The Attempted Oxidation of 4.5-Dihydrazinopyrimido[5,4-clguinoline (223) with 
Mananese(lV) Oxide 
A solution of 4,5-dihydrazinopyrimido[5,4-c]quinoline (223) (0.48g; 0.002moI) in 
anhydrous dimethylformamide (10.Oml) was treated with activated manganese(IV) 
oxide (1 .Og) and the resulting dark suspension was stirred at room temperature with 
the exclusion of atmospheric moisture for 0.5h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
an intractable brown solid (0.37g) from which no identifiable material could be 
obtained. 
The Attempted Reaction of 4,5-Dihydrazinopyrimido[5,4-clpuinoline (223) with 
Sodium Nitrite in the Presence of Hydrochloric Acid 
A stirred suspension of the dihydrazino compound (223) (0.48g; 0.002mol) in water 
(2.Oml) was treated with concentrated hydrochloric acid (0.40m1) and the resulting 
solution was cooled to 0°C (ice-salt bath) then treated dropwise with a solution of 
sodium nitrite (0.34g; 0.005mol) in water (2.Oml) at such a rate that the reaction 
temperature was 0-5°C. The resulting suspension was then stirred 0-5°C for 0.5h. 
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The mixture was filtered to give an intractable beige solid (0.48g), mp 205°C 
(decomp with gas evolution) from which no identifiable material could be obtained. 
4-Amino-5-hydrazinopyrimidoF5,4-clguinoline (226) 
A stirred solution of hydrazine monohydrate (0.20g; 0.004mol) in anhydrous 1,4-
dioxane (10.Oml) was treated dropwise at room temperature with a solution of the 
amino chloro compound (208a) (0.46g; 0.002mol) in anhydrous 1,4-dioxane 
(20.Oml) and the resulting emulsion was then stirred and heated under reflux with 
the exclusion of atmospheric moisture for 16h. 
The resulting suspension was rotary evaporated and the solid residue treated with 
water (10.Oml) and filtered to afford 4-amino-5-hydrazinopyrimido[5,4-c]quinoline 
(226) (0.44g; 98%) which formed yellow microcrystals, mp 267°C (decomp with gas 
evolution) (from dimethylformamide-water), vmax 3333 br and 3232 br (NH) and 
1645 (C=N) cm 1 , SH  [(CD3)2S=0] 9.44 (1H, d, J 5.0, NH) (exch), 8.35 (IH, s, 
pyrimidineH), 7.82 (1H, d, J 5.0, NH) (exch), 7.44-7.35 (1H, m, ArH), 7.28-7.24 (1H, 
m, ArH) 7.02-6.94 (IH, m, ArH) and 6.67 (3H, bs, NH) (exch). 
The Attempted Pyrolysis of 4-Amino-5-hydrazinopyrimidol5,4-clguinoline (226) 
4-Amino-5-hydrazinopyrimido[5,4-c]quinoline (226) (0.1 ig; 0.0005mol) was heated 
at 280-290°C (Woods metal bath) in a cold-finger apparatus for 2mm. 
The resulting foam was collected to give an intractable orange brown glassy solid 
(0.09g), mp 290-320°C, which could not be characterised. 
Reactions of 4,5-Dichloropyrimido[5,4-clguinoline (174) with Amidine Derivatives 
A suspension of the corresponding amidine derivative (0.004mol) in anhydrous 1,4- 
dioxane (5.Oml) was treated with a solution of triethylamine (0.89g; 0.0088mol) in 
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anhydrous 1,4-dioxane (5.Oml) and the suspension obtained was stirred at room 
temperature and treated with a solution of the dichloro compound (174) (0.50g; 
0.002mol) in anhydrous 1,4-dioxane (10.OmI). The resulting suspension was then 
stirred and heated under reflux with the exclusion of atmospheric moisture for 21h, 
then worked up as described for the individual reactions below. 
The mixture from formamidine acetate was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to give an intractable yellow solid 
(0.48g) from which no identifiable material could be obtained. 
The mixture from acetamidine hydrochloride was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to afford 5-methyl-6H-pyrimido[4,5,6-
de]pyrimido[5,4-c]quinoline (228b) (0.48g; 100%) which formed cream microcrystals, 
mp >330°C (from acetic acid), vmax  3100-2600 (NH) and 1662 (C=N) cm 1 , 8H 
[(CD3)2S0] 9.21 (11-1, s, pyrimidineH), 8.63-8.59 (11-1, m, ArH), 7.88-7.82 (IH, m, 
ArH), 7.75-7.71 (IH, m, ArH), 7.56-7.48 (IH, m, ArH) and 2.59 (3H, s, CH3). 
The mixture from S-methylisothiouronium sulfate was rotary evaporated and the 
solid residue treated with water (5.Oml) and filtered to give a yellow solid (0.53g) 
which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to afford 5-
methylthio-6H-pyrimido[4,5,6-de]pyrimido[5,4-c]quinoline (228c) (0.419; 76%) which 
formed yellow crystals, mp >330°C (from dimethylformamide), vmax  2900-2500 
(NH) and 1650 (C=N) cm1, 8H  [(CD3)2S=0] 13.21 (1H, bs, NH), 9.20 (IH, s, 
pyrimidineH), 8.59-8.51 (IH, m, ArH), 7.89-7.82 (11-1, m, ArH), 7.71-7.67 (11-1, m, 
ArH), 7.54-7.48 (IH, m, ArH) and 2.61 (3H, s, CH3). 
The mixture from guanidine hydrochloride was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to give a yellow solid (0.519) which 
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was suspended in boiling ethyl acetate (10.0ml) and hot-filtered to afford 5-amino- 
6H-pyrimido[4,5,6-de]pyrimido[5,4-c]quinoline (228d) (0.1 Ig; 23%) which formed 
cream microcrystals, mp >360°C (from dimethyl sulfoxide), vmax  34002600 (NH) 
and 1649 (CN) cm 1 , SH [(CD3)2S=0] 12.47 (11-1, bs, NH), 8.91 (IH, s, 
pyrimidineH), 8.48-8.43 (11-1, m, ArH), 7.78-7.69 (IH, m, ArH), 7.60-7.56 (IH, m, 
ArH), 7.43-7.34 (IH, m, ArH) and 7.30-7.00 (21-11, bs, NH). 
Rotary evaporation of the ethyl acetate mother liquor gave unreacted starting 
material (174) (0.38g; 77%) as a yellow solid, mp 151-154°C, identified by 
comparison [ir spectrum and tic in hexane-ethyl acetate (8:2) over silica] to a sample 
prepared before. 
Reactions of 4,5-DichloropyrimidoF5,4-clguinoline (174) with Aminoazoles 
A stirred solution of the corresponding aminoazole (0.002mol) and triethylamine 
(0.45g; 0.00044mol) in anhydrous 1,4-dioxane (10.0ml) was treated with a solution 
of the dichloro compound (174) (0.50g; 0.002moI) in anhydrous 1,4-dioxane 
(10.Oml) and the resulting solution was stirred and heated under reflux with the 
exclusion of atmospheric moisture for the specified time then worked up as 
described for the individual reactions below. 
(a) After 29h the mixture from 3-amino-5-methylisoxazole (229) was rotary 
evaporated and the residue treated with water (5.Oml). The insoluble solid was 
collected and treated with 10% w/v aqueous sodium hydrogen carbonate solution 
(5.Oml) and filtered to give a beige solid (0.50g) which was flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (95:5) gave unreacted dichloro starting material 
(174) (0.090g; 18%) as a colourless solid, mp 157-159°C, identified by comparison 
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[mp, ir spectrum and tic in hexane-ethyl acetate (7:3) over silica] with a sampie 
prepared before. 
Eiution with hexane-ethyi acetate (8:2) afforded 3-(5-methylisoxazolo-3-amino)-4- 
chloropyrimido[5,4-c]quinoiine (230) (0.086g; 14%) which formed pale yellow 
needles, mp 186-187°C (from ethyl acetate), vmax 3368 (NH) and 1610 (C=N) 
cm1, 6H  (CDCI3) 10.12 (11-1, 5, NH) (exch), 9.01 (IH, s, pyrimidineH), 9.00-8.94 
(11-1, m, ArH), 8.06-8.01 (IH, m, ArH), 7.95-7.86 (IH, m, ArH), 7.79-7.71 (11-1, m, 
ArH), 7.03 (IH, d, J 0.8, isoxazoleH) and 2.49 (3H, d, J 0.8, CH3). 
Elution with hexane-ethyl acetate (1:1) afforded 5-acetonyl-1,2,4-triazolo[2,3-c]- 
pyrimido[5,4-c]quinoline (232) (0.1 lg; 18%) which formed yellow crystals, mp 233- 
235°C (decomp, gas evolution) (from 1,4-dioxane), vmax  1720 (C0) and 1609 
(C=N) cm1, 8H  [(CD3)2S=0] 10.11 (11-1, s, pyrimidineH), 8.96-8.91 (1H, m, ArH), 
8.14-7.84 (3H, m, ArH), 3.31 (2H, s, CH2) and 2.32 (3H, s, CH3). 
Elution with ethyl acetate-methanol (8:2) afforded 6-methylisoxazolo[2, 3-a]- 
pyrimido[5,6,7-de]pyrimido[5,4-c]quinoline (231) (0.1 5g; 27%) which formed beige 
microcrystals, mp >335°C (from dimethylformamide-water), vmax 1611 (C=N) cm -1 , 
6H [(CD3)2S0] 9.14 (IH, s, pyrimidineH), 8.71-8.67 (11-1, m, ArH), 7.94-7.88 (2H, 
m, ArH), 7.62-7.56 (2H, m, ArH), 6.79 (11-1, d, J 1.0, isoxazoleH) and 2.61 (3H, d, J 
1.0, CH3). 
(b) After 23h the mixture from 2-aminothiazole was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to give a pale yellow solid (0.55g) 
which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to afford 
thiazolo[3,2-a]pyrimido[5,6,7-de]pyrimido[5,4-c]quinoline (235) or its isomer 
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thiazolo[3,2-a]pyrimido[7,6,5-de]pyrimido[5,4-c]quinoline (0.45g; 83%) which formed 
beige microcrystals, mp >330°C (from dimethyl sulfoxide), vmax  1611 (C=N) cm -1 , 
6H [(CD3)2S=0] 9.26 (1H, s, pyrimidineH), 8.80-8.70 (1H, m, ArH), 8.25 (1H, d, J 
5.0, thiazoleH), 7.97-7.90 (21-1, m, ArH), 7.66-7.57 (2H, m, ArH) and 7.48 (IH, d, J 
5.0, thiazoleH). 
After 162h the mixture from 2-aminobenzothiazole was rotary evaporated and 
the solid residue treated with water (5.Oml) and filtered to give an orange beige solid 
(0.80g) which was suspended in boiling ethyl acetate (10.OmI) and hot-filtered to 
afford pyrimido[2, I -b]benzothiazolo[2, 3,4-de]pyrimido[5,4-c]quinoline (236) or its 
isomer pyrimido[2, I -b]benzothiazolo[4,3,2-de]pyrimido[54-c]quinoline (0.24g; 37%) 
which formed beige needles, mp 335°C (from dimethylformamide), vmax  1613 
(C=N) cm1, 8H  [(CD3)2S=0] 9.88-9.85 (11-1, m, ArH), 9.30 (1H, s, pyrimidineH), 
8.85-8.82 (11-1, m, ArH), 8.24-8.16 (2H, m, ArH), 8.04-7.95 (11-1, m, ArH) and 7.81-
7.61 (3H, m, ArH). 
After 23h the mixture from 5-amino-4-phenyl-1 H-i ,2,3-triazole was rotary 
evaporated and the solid residue treated with water (5.Oml) and filtered to give an 
orange beige solid (0.73g) which was suspended in boiling ethyl acetate (10.Oml) 
and hot-filtered to afford 5-phenyl-4H-1 ,2,3-triazolo[i ,5-a]pyrimido[5,6,7-de]-
pyrimido[5,4-c]quinoline (238) or its isomer 7-phenyl-8H-1 ,2,3-triazolo[1 5-a]-
pyrimido[7,6,5-de]pyrimido[5,4-c]quinoline (0.219; 32%) which formed yellow 
microcrystals, mp 305 °C (decomp) (from dimethyl sulfoxide), vmax  3200-2700 (NH) 
and 1645 (C=N) cm1, 8H  [(CD3)2S=0] 13.09 (11-1, s, NH) (exch), 9.48 (IH, s, 
pyrimidineH), 8.77-7.28 (9H, m, ArH). 
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After 21 h the mixture from 3-amino-1 ,2,4-triazole was rotary evaporated and the 
solid residue treated with water (5.Oml) and filtered to give an orange beige solid 
(0.51g) which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to 
afford 4H-i 2,4-triazolo[i ,5-a]pyrimido[5,6,7-de]pyrimido[5,4-c]quinoline (237) or its 
isomer 8H-i ,2,4-triazolo[1 ,5-a]pyrimido[7,6,5-de]pyrimido[5,4-c]quinoline (0.35g; 
74%) which formed yellow microcrystals, mp >330°C (from dimethyl sulfoxide), 
vmax 2900-2600 (NH) and 1644 (C=N) cm1, 8H  [(CD3)2S=0] 12.97 (iH, bs, NH) 
(exch), 9.47 (IH, s, pyrimidineH ortriazoleH), 9.43 (IH, 5, pyrimidineH ortriazoleH), 
8.61-8.57 (iH, m, ArH), 7.89-7.82 (1H, m, ArH), 7.66-7.62 (IH, m, ArH) and 7.50-
7.44 (1H, m, ArH). 
After 21 h the mixture from 2-amino-1 ,3,4-thiadiazole was rotary evaporated and 
the solid residue treated with water (5.Oml) and filtered to give an orange beige solid 
(0.609) which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to 
give a complex beige solid (0.46g), mp 290-310°C (decomp with gas evolution) from 
which no identifiable material could be obtained. 
Rotary evaporation of the ethyl acetate mother liquor gave also a complex yellow 
solid (0.149) from which no identifiable material could be obtained. 
After 21 h the mixture from 5-aminotetrazole (240) was rotary evaporated and the 
solid residue treated with water (5.Oml) and filtered to give an orange beige solid 
(0.56g) which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to 
afford 5-azido-6H-pyrimido[4,5,6-de]pyrimido[5,4-c]quinoline (241) (0.47g; 90%) 
which formed yellow microcrystals, mp >360°C (from dimethyl sulfoxide), Vmax 
3200-2300 (NH), 2196 w and 2131 (N3) and 1666 and 1640 (C=N) cm, 8H 
[(CD3)2S0] [4:2:1 mixture of the three tautomers (241), (242) and (243)], 13.66 
(3H, bs, NH (exch) [(241), (242) and (243)], 9.56 (1H, s, pyrimidineH) [(241) or (242) 
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or (243)], 9.17 (IH, s, pyrimidineH) [(241) or (242) or (243)], 8.98 (IH, s, 
pyrimidineH) [(241) or (242) or (243)], 8.77-8.73 (IH, m, ArH) [(241) or (242) or 
(243)], 8.67-8.63 (IH, m, ArH) [(241) or (242) or (243)], 8.54-8.50 (IH, m, ArH) 
[(241) or (242) or (243)] and 8.19-7.45 (9H, m, ArH) [(241), (242) and (243)]. 
The azido tautomer (241) gave 4H-tetrazolo[1,5-a]pyrimido[5,6,7-de]pyrimido[5,4-c]- 
quinoline (242) and/or 8H-tetrazolo[1 ,5-a]pyrimido[7,6,5-de]pyrimido[5,4-c]-quinoline 
(243) on repeated crystallisation from dimethyl sulfoxide as yellow microcrystals, mp 
>360°C, vmax  3200-2300 (NH) and 1645 (C=N) cm1, 6H  [(CD3)2S=0] same 4:2:1 
tautomeric mixture of (241), (242) and (243) as before. 
Reactions of 4,5-DichloropyrimidoF5,4-clpuinoline (174) with 2-Aminopyridine 
Derivatives 
(a) A solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 1,4-
dioxane (10.Oml) was treated with a solution of 2-aminopyridine (0.19g; 0.002mol) in 
anhydrous 1,4-dioxane (10.Oml) and the resulting solution was stirred and heated 
under reflux with the exclusion of atmospheric moisture for 21 h. 
The precipitated gummy solid was collected by hot-filtration to give an olive green 
tacky solid (0.46g) which was washed with isopropanol (5.Oml) to afford 
pyrido[1 ,2-a]pyrimido[2,3,4-de]pyrimido[5,4-c]quinoline hydrochloride (244) or its 
isomer pyrido[1 ,2-a]pyrimido[4,3,2-de]pyrimido[5,4-c]quinoline hydrochloride (0.35g; 
58%) which formed yellow needles, mp >340°C (from ethanol-water), vmax  2900 
2400 (NH) and 1640 (C=N) cm1, 8H  [(CD3)2S=0] 9.84 (IH, s, pyrimidineH), 9.77- 
9.73 (IH, m, ArH), 8.88-8.84 (1H, m, ArH), 8.51-8.45 (IH, m, ArH), 8.12-8.02 (3H, 
m, ArH) and 7.81-7.75 (21-1, m, ArH). 
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A solution of the hydrochloride (244) or its isomer (0.24g; 0.0008mol) in water 
(6.5m1) was basefied with 2M aqueous sodium hydroxide solution and the resulting 
suspension was stirred at room temperature for 0.5h. The solid was collected by 
filtration to afford pyrido[1 ,2-a]pyrimido[2,3,4-de]pyrimido[5,4-c]quinoline (245) or its 
isomer pyrido[1 ,2-a]pyrimido[4,3,2-de]pyrimido[5,4-c]quinoline (0.22g; 100%) which 
formed yellow crystals, mp >335°C (from dimethyl sulfoxide), vmax  1624 (C=N) 
cm1, 8H  [(CD3)2S=0] 9.39 (1H, s, pyrimidineH), 9.14-9.10 (IH, m, ArH), 8.80-8.75 
(IH, m, ArH), 7.97-7.79 (3H, m, ArH), 7.64-7.56 (1H, m, ArH), 7.48-7.43 (1H, m, 
ArH) and 7.16-7.09 (IH, m, ArH). 
(b) A solution of the dichloro compound (174) (0.50g; 0.002mol) and triethylamine 
(0.45g; 0.0044mo1) in anhydrous 1 ,4-dioxane (1 5.Oml) was treated with a solution of 
the corresponding 2-aminopyridine derivative (0.002mol) in anhydrous I ,4-dioxane 
(5.Oml) and the resulting solution was stirred and heated under reflux with the 
exclusion of atmospheric moisture for the specified time then worked up as 
described for the individual reactions' below. 
After 4h the mixture from 2-aminopyridine was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to afford crude pyrido[1 ,2-a]pyrimido-
[2,3,4-de]pyrimido[5,4-c]quinoline (245) or its isomer pyrido[1 ,2-a]pyrimido[4,3,2-de]-
pyrimido[5,4-c]quinoline (0.48g; 88%), mp 315-318°C, identified by comparison (ir 
spectrum) with a sample prepared in (a) before. 
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After 19h the mixture from 2-aminopyridine was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to afford crude pyrido[1,2-a]pyrimido-
[2,3,4-de]pyrimido[5,4-c]quinoline (245) or its isomer pyrido[1 ,2-a]pyrimido[4,3,2-de]-
pyrimido[5,4-c]quinoline (0.49g; 90%), mp 310-325°C, identified by comparison (ii 
spectrum) with a sample prepared in (a) before. 
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After 4h the mixture from 2,6-diaminopyridine was rotary evaporated and the 
solid residue treated with water (5.Oml) and filtered to afford 8-aminopyrido[1 ,2-a]-
pyrimido[2,3,4-de]pyrimido[5,4-c]quinoline (246) or its isomer 5-aminopyrido[1 ,2-a]-
pyrimido[4,3,2-de]pyrimido[5,4-c]quinoline (0.57g; 100%) which formed yellow 
microcrystals, mp 300°C (decomp, gas evolution) (from acetic acid-toluene), vmax 
3230 br (NH) and 1642 (C=N) cm1, 8H  [(CD3)2S=O] 8.94 (IH, s, pyrimidineH), 
8.79-8.75 (IH, m, ArH), 8.51-8.47 (11-1, m, ArH), 8.14-8.06 (11-1, m, ArH), 7.93-7.83 
(21-1, m, ArH), 6.90-6.85 (1H, m, ArH) and 6.75-6.71 (1H, m, ArH). 
After 4h the mixture from 2,3-diaminopyridine was rotary evaporated and the 
solid residue treated with water (5.Oml) and filtered to give a yellow orange solid 
(0.62g) which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to 
afford an unresolvable (2:1) mixture of 5-aminopyrido[1 ,2-a]pyrimido[2,3,4-de]-
pyrimido[5,4-c]quinoline (248) or its isomer 8-aminopyrido[1 ,2-a]pyrimido[4,3,2-de]-
pyrimido[5,4-c]quinoline (0.24g; 42%) and pyrido[2,3-c]-1 ,4-diazepino[4,3,2-de]-
pyrimido[5,4-c]quirioline (249) or its isomer pyrido[2,3-c]-1 ,4-diazepino[2,3,4-de]-
pyrimido[5,4-c]quinoline (0.12g; 21%) which formed brown microcrystals, mp 310°C 
(decomp, gas evolution) (from dimethylformamide/water), vmax  3430, 3316 and 
3270 (NH2 and NH) and 1622 (C=N) cm 1 , oH  [(CD3)2S0] 10.40 (IH, s, NH) 
(exch) (249), 9.34 (IH, s, pyrimidineH) (248), 9.07 (IH, s, NH) (exch) (249), 8.90 
(1H, s, pyrimidineH) (249), 8.76-8.70 (21-1, m, ArH) [(248) and (249)], 8.48-8.44 (1H, 
m, ArH) (248), 7.95-7.45 (9H, m, ArH) [(248) and (249)], 7.01-6.93 (21-1, m, ArH) 
[(248) and (249)], 6.86-6.82 (IH, m, ArH) (248) and 6.22 (2H, s, NH2) (exch) (248). 
Rotary evaporation of the ethyl acetate mother liquor afforded 4-(3-aminopyrid-2- 
yl)amino-5-chloropyrimido[5,4-c]quinoline (247) or its isomer 4-(2-aminopyrid-3- 
yl)amino-5-chloropyrimido[5,4-c]quinoline (0.21g; 33%) which formed yellow 
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microcrystals, mp 297°C (decomp) (from toluene), vmax 3362, 3333 and 3284 br 
(NH) cm-1, 5H  [(CD3)2S=01 9.28 (IH, s, NH) (exch), 8.88-8.84 (IH, m, ArH), 8.76 
(IH, s, pyrimidineH), 8.03-7.92 (3H, m, ArH), 7.83-7.75 (1H, m, ArH), 7.56-7.52 (IH, 
m, ArH), 6.68-6.62 (1H, m, ArH) and 6.00 (2H, s, NH2) (exch). 
Reactions of 4r5-Dichloropyrim idol5.4-clauinoline (174) with Aminoazine Derivatives 
A solution of the corresponding aminoazine derivative (0.002mol) and triethylamine 
(0.45g; 0.0044mo1) in anhydrous 1,4-dioxane (10.OmI) was stirred at room 
temperature and treated with a solution of the dichloro compound (174) (0.50g; 
0.002mol) in anhydrous 1,4-dioxane (10.0ml). The resulting solution was then stirred 
and heated under reflux with the exclusion of atmospheric moisture for the specified 
time then worked up as described for the individual reactions below. 
After 26h the mixture from 2-aminopyrimidine was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to give an orange solid (0.55g) which 
was suspended in boiling ethyl acetate (10.0ml) and hot-filtered to afford 
pyrimido[1 ,2-a]pyrimido[2,3,4-de]pyrimido[5,4-c]quinoline (250) or its isomer 
pyrimido[1 ,2-a]pyrimido[4,3,2-de]pyrimido[5,4-c]quinoline (0.45g; 83%) which 
formed orange microcrystals, mp >330°C (from dimethylformamide), vmax 1625 
(C=N) cm* 8H  [(CD3)2S=01 9.41 (IH, dd, J 7.1 and 2.3, pyrimidineH), 9.40 (1H, s, 
pyrimidineH), 9.06 (1H, dd, J 3.8 and 2.3, pyrimidineH), 8.81-8.76 (IH, m, ArH), 
8.04-7.90 (2H, m, ArH), 7.68-7.60 (IH, m, ArH) and 7.16 (IH, dd, J 7.1 and 3.8, 
pyrimidine 
After 22h the mixture from 2-aminouracil was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to give a yellow solid (0.73g) which 
was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to afford only the 
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unreacted 2-aminouracil (0.22g; 88%) as a beige solid, mp >360°C, identified by 
comparison (mp and ir spectrum) with an authentic sample. 
Rotary evaporation of the ethyl acetate mother liquor gave only the impure dichloro 
compound (174) (0.50g; 100%) as a yellow orange solid, mp 140-150°C, identified 
by comparison [ir spectrum and tic in hexane-ethyl acetate (8:2) over silica] with a 
sample prepared before. 
After 4h the mixture from 2-aminopyrazine was rotary evaporated and the solid 
residue treated with water (5.Oml) and filtered to give a brown solid (0.63g) which 
was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to give an 
intractable brown solid (0.54g), mp >360°C, from which no identifiable material could 
be obtained. 
After 23h the mixture from 3-aminol ,2,4-triazine was rotary evaporated and the 
solid residue treated with water (5.Oml) and filtered to give a deep brown solid 
(0.65g) which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to 
give an intractable deep brown solid (0.59g), mp >360°C, from which no identifiable 
material could be obtained. 
After 25h the mixture from 3-amino-1 ,3,5-triazine was rotary evaporated and the 
solid residue treated with water (5.Oml) and filtered to give a brown solid (0.60g) 
which was suspended in boiling ethyl acetate (10.Oml) and hot-filtered to give an 
intractable brown solid (0.45g), mp 290-305°C (decomp with gas evolution), from 
which no identifiable material could be obtained. 
5-Chloro-4-(2-hydroxyethylamino)pyrimidoF5,4-clpuinoline (252) 
(a) A stirred solution of the dichioro compound (174) (1 .Og; 0.004mol) in anhydrous 
1 ,4-dioxane (20.Oml) was treated with a solution of ethanolamine (0.24g; 0.004mol) 
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in anhydrous 1 ,4-dioxane (20.Oml) and the resulting emulsion was then stirred and 
heated under reflux with the exclusion of atmospheric moisture for 3h. 
Rotary evaporation of the emulsion and treatment of the residue with 10% aqueous 
sodium hydrogen carbonate solution (10.Oml) gave a yellow solid which was washed 
with diethyl ether to afford 5-chloro-4-(2-hydroxyethylam ino)pyrimido[5,4-c]quinoline 
(252) (0.76g; 69%) which formed colourless crystals, mp 193-194°C (from 1,4- 
dioxane), vmax  3412 (NH), 3400-3100 (OH) cm1, 6H  [(CD3)2S=O] 8.93-8.88 (11-1, 
m, ArH), 8.79 (IH, s, pyrimidineH), 8.30 (11-1, bs, NH) (exch), 8.00-7.95 (11-1, m, 
ArH), 7.89-7.81 (1H, m, ArH), 7.74-7.66 (1H, m, ArH), 3.96-3.86 (41-1, m, CH2) and 
3.03 (IH, bs, OH) (exch). 
Rotary evaporation of the ethereal mother liquor gave impure starting material (174) 
(0.30g; 29%) as a yellow solid, mp 135-140°C, identified by comparison [ir spectrum 
and tic in hexane-ethyl acetate (9:1) over silica] with a sample prepared before. 
(b) A solution of ethanolamine (0.12g; 0.002mol) in anhydrous 1 ,4-dioxane (5.Oml) 
was treated with a solution of triethylamine (0.45g; 0.0044mol) in anhydrous 1,4-
dioxane (5.Oml) and the solution was stirred at room temperature and treated with a 
solution of the dichloro compound (174) (0.50g; 0.002moi) in anhydrous 1,4-dioxane 
(10.Oml). The resulting suspension was then stirred and heated under reflux with the 
exclusion of atmospheric moisture for 4h. 
The mixture was rotary evaporated and the solid residue treated with water (10.Oml) 
and filtered to afford 5-chloro-4-(2-hydroxyethylamino)pyrimido[5,4-c]quinoline (252) 
(0.53g; 97%) as a pale yellow solid, mp 159-163°C, identified by comparison [ir 
spectrum and tIc in hexane-ethyl acetate (1:1) over silica] with a sample prepared in 
(a) before. 
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5.6,17,1 8-Tetrahydro-4H,16H-pyrimido[5,4-clguinolino[5,4a,4-ij]-5, I 2-diaza-1 .8-
dioxacyclotetradecanoF2.3,4-de]pyrimido[54-c]guinoline (253) 
A stirred suspension of sodium hydride (0.053g; 0.0022mo1) in anhydrous 
dimethylformamide (10.Oml) was cooled to 10°C (ice bath) and treated dropwise 
with a solution of 5-chloro-4-(2-hydroxyethylamino)pyrimido[5,4-c]quinoline (252) 
(0.55g; 0.002mol) in anhydrous dimethylformamide (10.Oml). The mixture was 
stirred at room temperature with the exclusion of atmospheric moisture for 1 5mm 
then stirred and heated at 100°C with the exclusion of atmospheric moisture for I h. 
The mixture was diluted with water (2.5m1) and stirred at room temperature for 10 
min then rotary evaporated and the solid residue treated with water (5.OmI) and 
filtered to afford 5,6,17,1 8-tetrahydro-4H, I 6H-pyrimido[5,4-c]quinolmno[4,5,6-bc]-
5,1 2-diaza-1 ,8-dioxacyclotetradecano[2,3,4-de]pyrimido[5,4-c]quinoline (253) 
(0.24g; 50%) which formed yellow microcrystals, mp 31 6°C (decomp) (from dimethyl 
sulfoxide), vmax  3416 (NH) cm1, 6H  [(CD3)2S=O] 8.79 (2H, s, pyrimidineH), 8.73- 
8.69 (21-1, m, ArH), 7.80-7.75 (41-1, m, ArH), 7.59-7.52 (2H, m, ArH), 4.48 (41-1, t, J 
4.9, CH) and 4.24 (41-1, bs, CH2). 
The aqueous mother liquor was extracted with dichioromethane (4x10.Oml) to afford 
5-chloro-5,6-dihydro-4-(2-hydroxyethylamino)-5-oxopyrimido[5,4-c]quinoline 	(254) 
(0.090g; 18%) which formed yellow needles, mp 268-269°C (from I ,4-dioxane), 
vmax 3500-3100 (NH and OH), 1703 (C=O) and 1641 and 1632 (C=N) cm1, 6H 
[(CD3)2S=O] 8.61-8.56 (IH, m, ArH), 8.37 (11-1, s, pyrimidineH), 7.89-7.86 (21-1, m, 
ArH), 7.71-7.63 (1H, m, ArH) and 4.20-3.96 (41-1, m, CH2). 
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4H,9H-Benzo[bl-1 ,4-diazepinoF2,3,4-delpyrimido[5,4-clguinoline (255) 
A stirred solution of the dichloro compound (174) (1 .3g; 0.005mol) in anhydrous 1,4-
dioxane (25.Oml) was treated with a solution of ortho-phenylenediamine (0.54g; 
0.005mol) in anhydrous I ,4-dioxane (25.Oml) and the resulting solution was then 
stirred and heated under reflux with the exclusion of atmospheric moisture for 3h. 
The precipitated solid was collected by hot-filtration, treated with 10% w/v aqueous 
sodium hydrogen carbonate solution (12.5m1) and filtered to afford 4H,9H-benzo[b]-
I ,4-diazepino[2,3,4-de]pyrimido[5,4-c]quinoline (255) (1.1 g; 79%) which formed 
yellow microcrystals, mp 292-294°C (decomp) (from acetic acid), vmax 3500-3000 
(NH) and 1634 (C=N) cm 1 , oH  [(CD3)2S=0] 10.19 (1H, s, NH or pyrimidineH), 9.30 
(IH, s, NH or pyrimidineH), 8.84 (1H, s, NH or pyrimidineH), 8.70-8.65 (IH, m, ArH), 
7.78-7.61 (21-1, m, ArH), 7.46-7.38 (11-1, m, ArH), 7.21-7.14 (2H, m, ArH) and 6.97-
6.81 (2H, m, ArH). 
4,9-Diacetvlbenzo[bl-1 ,4-diazepinol2,3,4-delpyrimidol5,4-clguinoline (256) 
A suspension of the diazepino compound (255) (0.29g; 0.001mol) in acetic 
anhydride (5.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 1 5mm. 
The resulting solution was cooled to room temperature and the precipitated solid 
collected by filtration and washed with diethyl ether to give a cream solid which was 
combined with a second crop of solid, obtained by rotary evaporation of the organic 
mother liquor and crystallisation of the residue from toluene, to afford the 4,9-
diacetylbenzo[b]-1 ,4-diazepino[2,3,4-de]pyrimido[5,4-c]quinoline (256) (total 0.239; 
62%) which formed cream microcrystals, mp 235-236°C (from toluene), vmax  1698 
(C=O) cm* 0H  [(CD3)2S=0] 9.51 (11-1, s, pyrimidineH), 88.92 (1H, dd, J 8.0 and 
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1.0, ArH), 8.14-8.11 (1H, m, ArH), 8.06-7.99 (1H, m, ArH), 7.87-7.80 (IH, m, ArH), 
7.70-7.63 (2H, m, ArH), 7.52-7.44 (2H, m, ArH), 2.40 (3H, s, CH3) and 2.28 (3H, s, 
CH3). 
The Attempted Oxidation of 4H,9H-Benzofbl-1 .4-diazepinoF2,3.4-de]pyrimidoF5.4-
clauinoline (255) with Manaanese(IV) Oxide 
A solution of the diazepino compound (255) (0.29g; 0.001mol) in anhydrous 
dimethylformamide (5.Oml) was treated with activated manganese(IV) oxide (0.50g) 
and the resulting dark suspension was stirred at room temperature with the 
exclusion of atmospheric moisture for 0.5h. 
The mixture was filtered through celite and the filtrate was rotary evaporated to give 
only the unreacted starting material (255) (0.26g; 90%), mp 287-289°C, identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
Repetition of the reaction described in (a) before but under reflux for 0.5h gave 
after work up only the impure starting material (255) (0.27g; 95%), mp 274-277°C, 
identified by comparison (ir spectrum) with a sample prepared before. 
4-(2-Hvdroxvohenvlamino)-5.6-dihvdro-5-oxoovrimidoF5.4-clauinoline (257 
(a) A solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 1,4-
dioxane (10.Oml) was treated with a solution of ortho-aminophenol (0.22g; 0.002mol) 
in anhydrous 1,4-dioxane (10.Oml) and the resulting solution was stirred and heated 
under reflux with the exclusion of atmospheric moisture for 3h. 
Hot-filtration gave a mustard yellow solid (0.51g) which was treated with 10% w/v 
aqueous sodium hydrogen carbonate solution (5.0) and filtered to afford 4-(2- 
hydroxyphenylamino)-5,6-dihydro-5-oxopyrimido[5,4-c]quinoline (257) (0.46g; 75%) 
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which formed yellow microcrystals, mp 328-330°C (from dimethyl sulfoxide-water), 
vmax 3700-3200 (NH and OH) and 1665 (C=O) cm1, 6H  [(CD3)2S=0] 12.14 (1H, 
s, NH or OH) (exch), 12.11 (1H, s, NH or OH) (exch), 10.15 (1H, s, NH or OH) 
(exch), 8.85 (IH, s, pyrimidineH), 8.61-8.50 (2H, m, ArH), 7.73-7.64 (IH, m, ArH), 
7.45-7.30 (2H, m, ArH) and 6.97-6.81 (IH, m, ArH). 
(b) A solution ottho-aminophenol (0.22g; 0.002mol) and triethylamine (0.45g; 
0.0044mo1) in anhydrous I ,4-dioxane (10.Oml) was treated with a solution of the 
dichloro compound (174) (0.50g; 0.002moi) in anhydrous 1,4-dioxane (10.Omi) and 
the resulting solution was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 4h. 
The resulting yellow suspension was rotary evaporated and the solid residue treated 
with water (5.Oml) and filtered to give a yellow solid (0.66g) which was suspended in 
boiling ethyl acetate (10.Oml). Hot-filtration gave a yellow solid whose tic in hexane-
ethyl acetate (7:3) over silica showed it to be a two component mixture. 
Crystallisation from dimethyl sulfoxide-water afforded 4-(2-hydroxyphenylamino)-
5,6-dihydro-5-oxopyrimido[5,4-c]quinoline (257) (0.41g; 67%) as a beige solid, mp 
321°C (decomp), identified by comparison (mp and 1 H nmr spectrum) with a sample 
prepared in (a) before. 
4H-Benzorbl-1 4-thiazeDinoF2.3.4-de1pyrimidoF5,4-c]guinoline (258) or 4H-Benzolbl-
1 .4-thiazeDinoF4.3.2-delovrimidol5.4-clauinoline 
A solution of ortho-am inoth i phenol (0.269; 0.002mol) and triethylamine (0.45g; 
0.0044mo1) in anhydrous 1,4-dioxane (10.Oml) was treated with a solution of the 
dichloro compound (174) (0.50g; 0.002mol) in anhydrous 1,4-dioxane (10.Oml) and 
the resulting suspension was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 4h. 
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The suspension was rotary evaporated and the solid residue was treated with water 
(5.Oml) and filtered to give a yellow solid (0.64g). This was suspended in boiling 
ethyl acetate (10.Oml) and hot-filtered to give a yellow solid which was combined 
with a second crop, obtained by rotary evaporation of the ethyl acetate mother liquor 
and flash-chromatography over silica with hexane-ethyl acetate (8:2) to afford 
4H-benzo[b]-1 ,4-thiazepino[2,3,4-de]pyrimido[5,4-c]quinoline (258) or its isomer 4H-
benzo[b]-1 ,4-thiazepino[4,3,2-de]pyrimido[5,4-c]quinoline (total 0.45g; 75%) which 
formed yellow microcrystals, mp 264-266°C (from dimethyl sulfoxide-water), vmax 
3246 (NH) cm1, 8H  [(CD3)2S=01 10.99 (IH, s, NH), 8.94 (11-1, s, pyrimidineH), 
8.81-8.77 (11-1, m, ArH), 8.00-7.86 (2H, m, ArH), 7.77-7.64 (2H, m, ArH), 7.49-7.39 
(2H, m, ArH) and 7.32-7.23 (1H, m, ArH). 
Tetrabutylammonium Cyanide 
A stirred solution of tetrabutylammonium hydrogensulphate (6.8g; 0.02mol) in water 
(10.Oml) was treated with 10% w/v aqueous sodium hydroxide solution (5.Oml) 
followed by a solution of sodium cyanide (2.0g; 0.04mol) in water (5.Oml) and the 
resulting mixture was stirred at room temperature for 10mm. 
The mixture was extracted with dichloromethane (2x20.Oml) to afford 
tetrabutylammonium cyanide (5.0g; 93%) as a yellow waxy solid, vmax 2114 (CN) 
cm-1 , which was used without further purification. 
Attempted Reactions of 4,5-Dichloropyrjmjdo[5,4-clguinoline (174) with Cyanide 
Salts 
(a) A stirred mixture of the dichioro compound (174) (0.50g; 0.002mol) in anhydrous 
dimethylformamide (10.Oml) was treated with solid potassium cyanide (0.29g; 
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0.0044mo1) and the mixture was stirred at room temperature with the exclusion of 
atmospheric moisture for 17h. 
The resulting deep brown solution was rotary evaporated and the residue was 
treated with water (5.Oml) and filtrated to remove a small amount of intractable 
material. Extraction of the aqueous filtrate with dichloromethane (3x1 0.Oml) gave no 
material. 
Acidification of the aqueous alkaline mother liquor and filtration gave only an 
intractable brown solid (0.50g), mp >360°C, from which no identifiable material could 
be obtained. 
A stirred solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 
dichloromethane (20.Oml) was treated dropwise with a solution of 
tetraethylammonium cyanide (1 .3g; 0.008mol) in anhydrous dichloromethane 
(10.OmI) and the resulting deep green brown solution was stirred at room 
temperature with the exclusion of atmospheric moisture for I h. 
The deep green brown solution was rotary evaporated and the residue treated with 
2M aqueous hydrochloric acid (10.Oml) and filtered to give an intractable brown solid 
(0.60g), mp >360°C, from which no identifiable material could be obtained. 
Repetition of the reaction described in (b) before but using tetrabutylammonium 
cyanide instead of tetraethylammonium cyanide gave after work up no identifiable 
material. 
Tetrabutylammonium Benzenesulfinate 
A stirred solution of tetrabutylammonium hydrogensulphate (6.8g; 0.02mol) in water 
(10.Oml) was treated with 10% w/v aqueous sodium hydroxide solution (5.OmI) 
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followed by a solution of sodium benzenesulfinate (6.6g; 0.04mol) in water (10.Oml) 
and the resulting mixture was stirred at room temperature for 10mm. 
The mixture was extracted with dichloromethane (2x20.Oml) to afford 
tetrabutylammonium benzenesufinate (7.1g; 92%) as a colourless oil, which was 
used without further purification. 
The 	Reaction 	of 	4.5-Dichloropyrimido[5,4-c]guinoline 	(174) 	with 
Tetrabutvlammonium Benzenesulfinate 
A stirred solution of the dichloropyrimidoquinoline derivative (174) (0.50g; 0.002mol) 
in anhydrous dichloromethane (20.Oml) was treated dropwise with a solution of 
tetrabutylammonium benzenesufinate (7.1g; 0.008mol) in anhydrous 
dichloromethane (10.Oml) and the resulting solution was stirred at room temperature 
with the exclusion of atmospheric moisture for I h. 
The solution was rotary evaporated and the residue treated with 2M aqueous 
hydrochloric acid (10.Oml) followed by dichloromethane (20.Oml) to give a three 
phase mixture. The insoluble solid was collected to afford 5-chloro-3,4-dihydro-4-
oxopyrimido[5,4-c]quinoline (192) (0.14g; 30%) as a cream solid, mp >360°C, 
identified by comparison, (mp and ir and 1 H nmr spectra) with a sample prepared 
before. 
The aqueous dichioromethane mother liquor was separated, the aqueous phase 
extracted with dichloromethane (2x20.Oml) and the combined organic extracts were 
washed with 10% w/v aqueous sodium hydrogen carbonate solution (10.Oml) and 
rotary evaporated to give a yellow oil which was flash-chromatographed over silica. 
Elution with dichloromethane-methanol (95:5) gave a yellow oily solid (0.44g) which 
was washed with ethyl acetate to afford 4-benzensulfonyl-5,6-dihydro-5- 
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oxopyrimido[5,4-c]quinoline (261) or its isomer 5-benzensulfonyl-3,4-dihydro-4- 
oxopyrimido[5,4-c]quinoline (0.40g; 60%) which formed colourless crystals, mp 235- 
236°C (decomp, gas evolution) (from dimethylformamide), vmax  3178 br (NH), 1678 
(C=O) and 1636 (C=N) cm1, 6H  [(CD3)2S=0] 13.20 (11-1, bs, NH) (exch), 8.84-8.79 
(IH, m, ArH), 8.64 (IH, s, pyrimidineH) and 8.01-7.61 (81-1, m, ArH). 
Further elution with dichloromethane-methanol (8:2) then methanol gave no other 
identifiable material. 
Reactions of 4-Amino-5-chloropyrimidor5,4-clguinoline (208a) with Potassium 
Cyanide 
(a) A stirred solution of the aminochloro compound (208a) (0.46g; 0.002mol) in 
anhydrous dimethylformamide (10.Oml) was treated with solid potassium cyanide 
(0.14g; 0.002mol) and the mixture was then stirred at room temperature with the 
exclusion of atmospheric moisture for I h. 
The mixture was rotary evaporated and the solid residue treated with water (5.Oml) 
to give a yellow orange solid (0.42g) which was treated with boiling 1 ,4-dioxane and 
hot filtered to afford 4,1 3-dihydropyrimido[5,4-c]quinolino[5,4a,4-fg]-diazocino[2,3,4-
de]pyrimido[5,4-c]quinoline (214) (0.02g; 5%) which formed orange microcrystals, 
mp >335°C, (from dimethyl sulfoxide), vmax  3313, 3271 and 3209 (NH) and 1617 
(C=N) cm1, 8H  [(CD3)2S=0] too insoluble. 
Rotary evaporation of the 1,4-dioxane mother liquor gave only the unreacted 
aminochloro derivative (208a) (0.40g; 87%) as a yellow solid, mp 225-227°C, 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
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Repetition of the reaction described in (a) before but at 50°C for 17h gave after 
hot-filtration 	4,1 3-dihydropyrimido[5,4-c]quinolino[5,4a,4-fg]-diazocino[2,3,4-de]- 
pyrimido[5,4-c]quinoline (214) (0.13g; 30%) as an orange solid, mp >360°C, 
identified by comparison (mp and ir spectrum) with a sample prepared in (a) before. 
The dimethylformamide mother liquor was rotary evaporated and the solid residue 
treated with water (5.Oml) to give the unreacted aminochloro derivative (208a) 
(0.19g; 41%) as a yellow solid, mp 225-227°C, identified by comparison (mp and ir 
spectrum) with a sample prepared before. 
Repetition of the reaction described in (a) before but at 100°C for 1 6h followed 
by work up gave only the unreacted aminochloro compound (208a) (0.369; 78%), 
mp 223-228°C, identified by comparison (mp and ir spectrum) with a sample 
prepared before. 
4-Amino-5-isocyanopyrimidoF5,4-c]guinoline (262) 
A stirred solution of the aminochioropyrimidoquinoline derivaitve (208a) (0.46g; 
0.002mol) in anhydrous dimethylformamide (10.Oml) was heated at 100°C (oil bath) 
and treated with solid potassium cyanate (0.18g; 0.0022mol). The mixture was then 
stirred and heated at 100°C with the exclusion of atmospheric moisture for 24h. 
The insoluble solid was collected by hot-filtration and washed with water (5.Oml) to 
afford 4-amino-5-isocyanopyrimido[5,4-c]quinoline (262) (0.0519; 11%) as a beige 
solid, mp >360°C, vmax 3199 br (NH), 2158 (N=C=O) and 1648 (C=N) cm 1 
Found: m/z (Elms), 237 (M) 
1UZN 0  requires: M, 	237 
Work up of the 1,2-dimethoxyethane mother liquor gave no further identifiable 
material. 
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5-Thioxo-4H6H-pyrimido[4, 5,6-delpyrimido[5,4-clpuinoline (263) or 5-Amino-I .3-
thiazino[4,5.6-delDyrimidoF5,4-clguinoline (264) 
A stirred solution of the aminochloropyrimidoquinoline derivaitve (208a) (0.46g; 
0.002mol) in anhydrous dimethylformamide (10.Oml) was treated at room 
temperature with solid sodium thiocyanate (0.18g; 0.0022mo1) and the mixture was 
then stirred and heated at 50°C (oil bath) with the exclusion of atmospheric moisture 
for 23h. 
The insoluble solid was collected by hot-filtration and washed with water (5.Oml) to 
afford 5-thioxo-4H,6H-pyrimido[4, 5,6-de]pyrimido[5,4-c]quinoline (263) or 5-amino-
I ,3-thiazino[4, 5,6-de]pyrimido[5,4-c]quinoline (264) (0.35g; 69%), which formed 
yellow microcrystals, mp 358-360°C (decomp with gas evolution) (from dimethyl 
sulfoxide), vmax  3339 brand 3218 br (NH), 1666 (C=N) and 1511 (C=S) cm 1 , SH 
[(CD3)2S=0] 9.18 (IH, bs, NH), 9.10 (IH, s, pyrimidineH), 8.97 (1H, bs, NH), 8.8.78 
(1H, d, J 8.0, ArH), 7.98-7.86 (2H, m, ArH) and 7.73-7.65 (1H, m, ArH). 
The dimethylformamide mother liquor was rotary evaporated and the solid residue 
treated with water (5.Oml) and filtered to afford only the impure 
aminochloropyrimidoquinoline starting material (208a) (0.13g; 28%) as a yellow 
solid, mp 200-210°C, identified by comparison (mp and ir spectrum) with a sample 
prepared before. 
Repetition of the reaction described in (a) before but at 100°C for 24h followed 
by hot-filtration gave a solid which was washed with water (5.Oml) to afford 5-thioxo-
4H,6H-pyrimido[4,5,6-de]pyrimido[5,4-c]quinoline (263) or 5-amino-I ,3-thiazino-
[4,5,6-de]pyrimido[5,4-c]quinoline (264) (88%), as a yellow solid, mp 358-360°C 
(decomp with gas evolution), identified by comparison (mp and ir spectrum) with a 
sample prepared in (a) before. 
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Reactions of 4-Amino-5-chloropyrimido[5.4-clguinoline (208a) with Mono Sodium 
Cyanamide 
A stirred solution of the aminochioropyrimidoquinoline derivaitve (208a) (0.46g; 
0.002mol) in anhydrous dimethylformamide (10.Oml) was heated at 50°C (oil bath) 
and treated with solid mono sodium cyanamide (0.14g; 0.0022mo1). The mixture 
was then stirred and heated at 50°C with the exclusion of atmospheric moisture for 
20h. 
The mixture was rotary evaporated and the solid residue treated with water and 
filtered to give a yellow solid (0.42g). This was treated with boiling 1,4-dioxane 
(10.Oml) giving an insoluble beige solid which was combined with a second crop, 
obtained by acidification of the aqueous mother liquor with 2M aqueous hydrochloric 
acid and collection of the precipitated solid, to afford 4-amino-5-
cyanoaminopyrimido[5,4-c]quinoline (265) (total 0.19g; 40%) as a cream solid, mp 
>360°C, vmax 3348, 3274 and 3125 br (NH), 2198 (CN) and 1648 (C=N) cm 1 
which on crystallisation from dimethyl sulfoxide was converted into 5-amino-61-1- 
pyrimido[4,5,6-c]pyrimido[5,4-c]quinoline (228d), mp >360°C, idntified by 
comparison (mp, ir and I  H nmr spectra) with a sample prepared before 
Rotary evaporation of the 1,4-dioxane mother liquor gave unreacted 
aminochioropyrimidoquinoline starting material (208a) (0.26g; 57%) as a pale yellow 
solid, mp 220-230°C (decomp with gas evolution), identified by comparison (mp and 
ir spectrum) with a sample prepared before. 
Repetition of the reaction described in (a) before but at 100°C for 24h and hot 
filtration gave a solid which was washed with water (5.Oml) to afford 5-amino-6H-
pyrimido[4,5,6-c]pyrimido[5,4-c]quinoline (228d) (13%) as a beige solid, mp >360°C, 
identified by comparison (mp and ir spectrum) with a sample prepared before. 
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The dimethylformamide mother liquor was rotary evaporated and the solid residue 
treated with water (5.Oml) to give a yellow solid which was treated with boiling 1,4-
dioxane (5.Oml) to give an insoluble beige solid which was combined with a second 
crop, obtained by acidification of the aqueous mother liquor with 2M aqueous 
hydrochloric acid and collection of the precipitated solid, to afford 4-amino-5-
cyanoaminopyrimido[5,4-c]quinoline (265) (total 43%) as a beige solid, mp >360°C, 
identified by comparison (mp and ir spectrum) with a sample prepared in (a) before. 
Rotary evaporation of the 1,4-dioxane mother liquor gave impure 
aminochloropyrimidoquinoline starting material (208a) (39%) as a pale yellow solid, 
mp 215-220°C (decomp with gas evolution), identified by comparison (ir spectrum) 
with a sample prepared before. 
(C) Repetition of the reaction described in (a) before but for 72h and hot filtration 
gave a solid which was washed with water (5.Oml) to afford 5-amino-6H-
pyrimido[4,5,6-c]pyrimido[5,4-c]quinoline (228d) (40%) as a beige solid, mp >360°C, 
identified by comparison (mp and ir spectrum) with a sample prepared in (a) before. 
The dimethylformamide mother liquor was rotary evaporated and the solid residue 
treated with water (5.Oml) and filtered to give a yellow solid which was combined 
with a second crop, obtained by acidification of the combined aqueous mother 
liquors with 2M aqueous hydrochloric acid and collection of the precipitated solid, to 
afford 4-amino-5-cyanoaminopyrimido[5,4-c]quinoline (265) (total 43%) as a beige 
solid, mp >360°C, identified by comparison (mp and ir spectrum) with a sample 
prepared in (a) before. 
4-Aminotetrazolor5, 1 -flpyrimidoF5.4-c]puinoline (266) 
A stirred solution of the aminochloropyrimidoquinoline compound (208a) (0.46g; 
0.002mol) in anhydrous dimethylformamide (10.Oml) was treated with solid sodium 
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azide (0.14g; 0.0022mol) and the mixture was then stirred at room temperature with 
the exclusion of atmospheric moisture for 16h. 
The resulting colourless suspension was rotary evaporated and the solid residue 
treated with water and filtered to afford 4-aminotetrazolo[5, 1 -f]pyrimido[5,4-c]-
quinoline (266) (0.45g; 96%), which formed colourless microcrystals, mp 31 7-319°C 
(decomp with gas evolution) (from dimethyl sulfoxide), vmax  3385 and 3304 (NH) 
and 1658 (CN) cm1, 5H  [(CD3)2S=0] 8.93-8.88 (2H, m, ArH and pyrimidineH), 
8.82 (IH, bs, NH), 8.64-8.60 (1H, m, ArH), 8.13-8.04 (IH, m, ArH), 7.93-7.84 (IH, 
m, ArH) and 7.74 (IH, bs, NH). 
The Attempted Reaction of 4-AminotetrazoloF5, 1 -flpyrimido[5.4-clguinoline (266) 
with Trihenvlohosohine 
A stirred suspension of the aminotetrazolopyrimidoquinoline derivative (266) (0.22g; 
0.001moI) in anhydrous 1,4-dioxane (5.Oml) was treated with a solution of 
triphenylphosphine (0.26g; 0.0011 mol) in anhydrous I ,4-dioxane (5.Oml) and the 
resulting suspension was then stirred and heated under reflux with the exclusion of 
atmospheric moisture for 8h. 
Hot-filtration of the mixture and rotary evaporation of the filtrate followed by 
treatment of the residue with diethyl ether and collection of the insoluble solid gave 
only the unreacted aminotetrazolopyrimidoquinoline derivative (266) (total 0.21g; 
95%) as a colourless solid, mp 317-319°C (decomp with gas evolution), identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
Rotary evaporation of the ethereal mother liquor gave impure triphenylphosphine 
(0.27g) identified by comparison (ir spectrum) with an authentic sample. 
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Reactions of 4-Aminotetrazolo[5,1-flpyrimidol5.4-c]guinoline (266) with Triethyl 
phosphite 
A stirred suspension of the aminotetrazolopyrimidoquinoline derivative (266) 
(0.22g; 0.001 mol) in anhydrous 1 ,4-dioxane (5.Oml) was treated with a solution of 
triethyl phosphite (0.26g; 0.0011mol) in anhydrous 1,4-dioxane (5.Oml) and the 
resulting suspension was then stirred and heated under reflux with the exclusion of 
atmospheric moisture for 8h. 
Hot-filtration of the mixture and rotary evaporation of the filtrate followed by 
treatment of the residue with diethyl ether and collection of the insoluble solid gave 
only the unreacted aminotetrazolopyrimidoquinoline derivative (266) (total 0. 22g; 
100%) as a colourless solid, mp 31 9-321°C (decomp with gas evolution), identified 
by comparison (mp and ir spectrum) with a sample prepared before. 
A suspension of the aminotetrazolopyrimidoquinoline derivative (266) (0.22g; 
0.001mol) in triethyl phosphite (5.Oml) was stirred and heated under reflux with the 
exclusion of atmospheric moisture for 20h. 
Rotary evaporation of the yellow solution gave a yellow gum (0.39g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) afforded diethyl N-(4-aminopyrimido[5,4-c]-
quinolin-5-yl)phosporamidate (267) (0.096g; 27%) which formed colourless crystals, 
mp 191-192°C (from ethyl acetate), vmax  3387, 3301 and 3115 br (NH) cm1, 8H 
(CDCI3) 12.25 (1H, 5, NH) (exch), 10.14 (IH, d, J 5.6, NH) (exch), 8.67 (1H, s, 
pyrimidineH), 8.65-8.60 (1H, m, ArH), 7.66-7.57 (1H, m, ArH), 7.39-7.22 (2H, m, 
ArH), 6.10 (1H, d, J 5.6, NH) (exch), 4.20-4.06 (4H, m, CH2) and 1.40-1.32 (6H, m, 
CH3) 
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Elution with hexane-ethyl acetate (3:7) through to ethyl acetate and finally methanol 
gave no further identifiable material. 
Base-catalysed Reactions of 4,5-DichloropyrimidoF5,4-clpuinoline (174) with 
Pentane-2.4-dione 
(a) A stirred suspension of sodium hydride (0.053g; 0.0022mo1) in anhydrous 1,2-
dimethoxyethane (5.Oml) was cooled to 10°C (ice bath) and treated dropwise with a 
solution of pentane-2,4-dione (0.20g; 0.002mol) in anhydrous I ,2-dimethoxyethane 
(5.Oml). The mixture was stirred at room temperature with the exclusion of 
atmospheric moisture for 15min then treated with a solution of 4,5-
dichloropyrimido[5,4-c]quinoline (174) (0.50g; 0.002mol) in anhydrous 1,2-
dimethoxyethane (20.Oml). The resulting red solution was then stirred and heated 
under reflux with the exclusion of atmospheric moisture for 1 h. 
The mixture was diluted with water (2.5m1) and stirred at room temperature for 
10min then rotary evaporated and the solid residue washed with water (10.Oml) to 
give an orange solid (0.47g) which was flash-chromatographed over silica. 
Elution with dichloromethane afforded unreacted dichloropyrimidoquinoline starting 
material (174) (0.18g; 36%) as a colourless solid, mp 153-156°C, identified by 
comparison [mp, ir spectrum and tIc in dichloromethane-ethyl acetate (9:1) over 
silica] with a sample prepared before. 
Elution with dichloromethane-ethyl acetate (95:5) afforded 4-acetyl-5- 
methylpyrano[4,3,2-de]pyrimido[5,4-c]quirioline (268) (0.27g; 49%) which formed 
colourless needles, mp 191-192°C (decomp with gas evolution) (from ethyl acetate), 
vmax 1690 (C=O) and 1628 (CN) cm1, 8H  (CDCI3) 9.38 (11-1, s, pyrimidmneH), 
8.92-8.84 (IH, m, ArH), 8.03-7.85 (21-1, m, ArH), 7.71-7.49 (1H, m, ArH), 2.78 (31-1, s, 
CH3) and 2.56 (3H, s, CH3). 
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Further elution with ethyl acetate afforded 5-chloro-3,4-dihydro-4-oxopyrimido[5,4-c]-
quinoline (192) (0.041g; 9%) as an orange solid, mp >360°C, identified by 
comparison (mp and ir spectrum) with a sample prepared before. 
Repetition of the reaction described in (a) before but at room temperature for I 7h 
followed by flash-chromatographed over silica of the orange solid (0.469) obtained 
by extraction of the aqueous mixture with dichloromethane afforded unreacted 
dichioropyrimidoquinoline starting material (174) (0.18g; 36%) as a colourless solid, 
mp 160-163°C, identified by comparison [mp, ir spectrum and tic in 
dichioromethane-ethyl acetate (9:1) over silica] with a sample prepared before, 
followed by 4-acetyl-5-methylpyrano[4,3,2-de]pyrimido[5,4-c]quinoline (268) (0.24g; 
44%) as an orange solid, mp 187-189°C, identified by comparison [mp, ir spectrum 
and tic in dichioromethane-ethyl acetate (9:1) over silica] with a sample prepared in 
(a) before. 
Repetition of the reaction described in (a) before but using two equivalents of 
pentane-2,4-dione and sodium hydride followed by flash-chromatographed over 
silica of the red solid obtained by extraction of the aqueous mixture with 
dichioromethane afforded 4-acetyl-5-methylpyrano[4,3,2-de]pyrimido[5,4-c]quinoline 
(268) (40%) as an orange solid, mp 186-189°C, identified by comparison [mp, ir 
spectrum and tic in dichloromethane-ethyl acetate (9:1) over silica] with a sample 
prepared in (a) before, followed by 5-chloro-3,4,dihydro-4-oxopyrimido[5,4-c]-
quinoline (192) (10%) as an orange solid, mp >360°C, identified by comparison (mp 
and ir spectrum) with a sample prepared before. 
Repetition of the reaction described in (c) before but at room temperature for 1 7h 
followed by flash-chromatographed over silica of the orange solid obtained by 
extraction of the aqueous mixture with dichloromethane afforded 4-acetyl-5-methyl-
pyrano[4,3,2-de]pyrimido[5,4-c]quinoline (268) (36%) as a salmon pink solid, mp 
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187-190°C, identified by comparison [mp, ir spectrum and tic in dichioromethane-
ethyl acetate (9:1) over silica] with a sample prepared in (a) before. 
A stirred suspension of the dichioropyrimidoquinoline derivative (174) (0.50g; 
0.002mol) in anhydrous 1,2-dimethoxyethane (15.Oml) was treated with a solution of 
pentane-2,4-dione (0.20g; 0.002mol) and triethylamine (0.22g; 0.0022moi) in 
anhydrous 1 ,2-dimethoxyethane (5.Oml). The resulting suspension was then stirred 
and heated under reflux with the exclusion of atmospheric moisture for 3h. 
The resulting solution was rotary evaporated, the residue treated with water (10.Oml) 
and the mixture extracted with dichloromethane (3x10.Oml) to afford only the 
dichloropyrimidoquinoline starting material (174) (0.49g; 98%) as a yellow solid, mp 
150-154°C, identified by comparison [ir spectrum and tic in hexane-ethyl acetate 
(95:5) over silica] with a sample prepared before. 
Repetition of the reaction described in (e) before but using diisopropylethyiamine 
instead of triethylamine afforded only the unreacted dichloropyrimidoquinoline (174) 
(0.49g; 98%) as a yellow solid, mp 155-158°C, identified by comparison [mp, ir 
spectrum and tic in hexane-ethyl acetate (95:5) over silica] with a sample prepared 
before. 
A stirred solution of the dichloropyrimidoquinoline derivative (174) (1.0g; 
0.004mol) and pentane-2,4-dione (0.40g; 0.004mol) in anhydrous toluene (40.Oml) 
was treated with solid anhydrous sodium carbonate (1.7g; 0.016mol) followed by 
solid benzyltriethylammonium chloride (0.22g; 0.0008mol) and the resulting 
suspension was stirred and heated under reflux with the exclusion of atmospheric 
moisture for 17h. 
The resulting deep bordeaux red suspension was cooled to room temperature and 
treated with water (20.Oml) to give a three phase mixture which was filtered to give 
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an intractable bordeaux red solid (0.83g), mp >360°C, from which no identifiable 
material could be obtained. 
The aqueous toluene filtrate was separated and the aqueous phase extracted with 
toluene (2x20.Oml). Rotary evaporation of the combined toluene extracts gave a 
bordeaux red glass (0.519) from which no identifiable material could be obtained. 
(h) Repetition of the reaction described in (h) before but using 50 mol% of 
benzyitriethylammonium chloride and I ,2-dimethoxyethane instead of toluene under 
reflux for lh afforded only intractable material. 
The Reaction of 4,5-Dichloropyrimidol5,4-clquinoline (174) with Ethyl 3-Oxo-
butanoate under Solid-Liquid Phase Transfer Cnditions 
A stirred solution of the dichloropyrimidoquinoline derivative (174) (1.0g; 0.004mol) 
and ethyl 3-oxobutanoate (0.52g; 0.004mol) in anhydrous I ,2-dimethoxyethane 
(40.Oml) was treated with solid anhydrous sodium carbonate (0.85g; 0.008mol) 
followed by solid benzyltriethylammonium chloride (0.91g; 0.004mol) and the 
resulting yellow suspension was stirred and heated under reflux with the exclusion 
of atmospheric moisture for 4h. 
The resulting brown suspension was rotary evaporated and the residue treated with 
2M aqueous hydrochloric acid (20.Oml) and extracted with dichloromethane 
(3x20.Oml) to give a red brown gum (1.2g) which was flash-chromatographed over 
silica. 
Elution 	with 	hexane-ethyl 	acetate 	(95:5) 	gave 	the 	unreacted 
dichloropyrimidoquinoline starting material (174) (0.12g; 12%) as a colourless solid, 
mp 153-156°C, identified by comparison [mp, ir spectrum and tic in hexane-ethyl 
acetate (95:5) over silica] with a sample prepared before. 
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Elution with hexane-ethyl acetate (9:1) gave ethyl 3-oxo-2-(5-chloropyrimido[5,4-c]-
quinolin-4-yl)butanoate (269) (0.23g; 17%) which formed colourless microcrystals, 
mp 134-135°C (from ethyl acetate), Vmax  1715 and 1668 (C=O) cm1, 8H  (CDCI3) 
9.06 (1H, s, pyrimidineH), 8.97-8.92 (IH, m, ArH), 8.09-8.04 (1H, m, ArH), 7.96-7.83 
(1H, m, ArH), 7.79-7.71 (1H, m, ArH), 5.88 (1H, q, J 0.9, CH), 4.22 (2H, q, J 7.1, 
CH2), 2.56 (3H, d, J 0.9, CH3) and 1.30 (31-1, t, J 7.1, CH3). 
Base-catalysed Reactions of 4.5-Dichloropyrimidol54-clguinoline (174) with Diethyl 
Propane-I ,3-dioate 
(a) A stirred suspension of sodium hydride (0.11 g; 0.0044mo1) in anhydrous 1,2-
dimethoxyethane (5.Oml) was cooled to 10°C (ice bath) and treated dropwise with a 
solution of diethyl propane-i ,3-dioate (0.64g; 0.004mol) in anhydrous 1,2-
dimethoxyethane (5.Oml). The mixture was stirred at room temperature with the 
exclusion of atmospheric moisture for 15min then treated with a solution of 4,5-
dichloropyrimido[5,4-c]quinoline (174) (0.50g; 0.002mol) in anhydrous 1,2-
dimethoxyethane (20.Oml) and the mixture was then stirred and heated under reflux 
with the exclusion of atmospheric moisture for 1 h. 
The mixture was diluted with water (2.5m1) and stirred at room temperature for 
10min then rotary evaporated and the residue treated with water (iO.Oml) and 
extracted with dichloromethane (3x10.Oml) to give a yellow green semisolid. This 
was triturated with light petroleum (b.p. 40-60°C) to give a yellow green solid (0.56g) 
which was crystallised from ethyl acetate to afford diethyl 2-(5-chloropyrimido[5,4-c]-
quinolin-4-yl]propane-1 ,3-dioate (270) (0.25g; 36%) which formed pale yellow 
crystals, mp 208-210°C (decomp with gas evolution and resolidification) 260-270°C 
(decomp with gas evolution) (from ethyl acetate), vmax  3175 (NH), 1747 and 1730 
(C=O) and 1660 (C=N) cm1, 8H  (CDCI3) 12.25 (IH, s, NH) (exch), 9.42 (IH, s, 
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pyrimidineH), 8.80-8.75 (1H, m, ArH), 7.78-7.70 (1H, m, ArH), 7.52-7.37 (2H, m, 
ArH), 6.11 (1H, s, CH), 4.38-4.27 (4H, m, CH2) and 1.33-1.24 (6H, m, CH3). 
(b) A stirred solution of the dichloropyrimidoquinoline derivative (174) (0.50g; 
0.002mol) and diethyl propane-I ,3-dioate (0.32g; 0.002mol) in anhydrous toluene 
(20.Oml) was treated with solid anhydrous sodium carbonate (0.429; 0.004mol) 
followed by solid benzyltriethylammonium chloride (0.091g; 0.0004mol). The 
resulting suspension was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 2h. The mixture was then treated with a further amount of 
solid anhydrous sodium carbonate (0.42g; 0.004mol) and stirred and heated under 
reflux with the exclusion of atmospheric moisture for a further 17h. 
The resulting orange brown suspension was cooled to room temperature and 
treated with water (20.Oml) to give a two phase mixture and the aqueous phase 
extracted with toluene (2x10.Oml). The combined toluene extracts were rotary 
evaporated to give an orange red gum (0.42g) which was flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (9:1) through to ethyl acetate and finally methanol 
gave only a series of small amounts of oils, gums and solids (total 0.42g) from which 
no identifiable material could be obtained. 
Acidification of the aqueous phase with 2M aqueous hydrochloric acid and filtration 
of the precipitated solid afforded 4-ethoxycarbonyl-5-hydroxypyrano[4, 3, 2-de]-
pyrimido[5,4-c]quinoline (271) (0.29g; 47%) which formed pale yellow microcrystals, 
mp 269-271 °C (decomp, gas evolution) (from dimethylformamide), vmax  3237 (OH), 
1750 (C=O) and 1624 (C=N) cm 1 , oH  [(CD3)2S=0] 13.27 (IH, bs, OH), 8.63 (IH, 
s, pyrimidineH), 8.54-8.49 (1H, m, ArH), 7.92-7.80 (2H, m, ArH), 7.64-7.56 (IH, m, 
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ArH), 4.30 (21-1, q, J 7.1, CH2) and 1.32 (31-1, t, J 7.1, CH3), ör, [(CD3)2S=0] 166.4 
(quat), 156.8 (quat), 155.7 (quat), 151.3 (quat), 151.0 (quat), 150.3 (CH), 148.1 
(quat), 133.8 (CH), 127.9 (CH), 126.2 (CH), 124.1 (CH), 120.9 (quat), 101.7 (quat), 
84.3 (quat), 60.5 (CH2) and 14.4 (CH3). 
A stirred solution of the dichloropyrimidoquinoline derivative (174) (0.50g; 
0.002mol) and diethyl propane-I ,3-dioate (0.329; 0.002mol) in anhydrous 1,2-
dimethoxyethane (20.Oml) was treated with solid anhydrous sodium carbonate 
(0.42g; 0.004mol) followed by solid benzyltriethylammonium chloride (0.46g; 
0.002mol) and the resulting suspension was stirred and heated under reflux with the 
exclusion of atmospheric moisture for 2h. 
The mixture was rotary evaporated and the residue treated with 2M aqueous 
hydrochloric acid (5.Oml) followed by dichloromethane (10.Oml) to give a three 
phase mixture. The insoluble solid was collected to afford 4-ethoxycarbonyl-5-
hydroxypyrano[4,3,2-de]-pyrimido[5,4-c]quinoline (271) (0.43g; 70%) as a yellow 
solid, mp 255-260°C (decomp with gas evolution), identified by comparison [mp, ir 
spectrum and tic in dichloromethane-ethyl acetate (3:2) over silica] with a sample 
prepared before. 
Repetition of the reaction described in (c) before but using twice the amount of 
solid anhydrous sodium carbonate gave an orange suspension which was rotary 
evaporated and the residue treated with water (10.Oml) and extracted with 
dichloromethane (3x10.Oml) to give an orange gum which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 5-chloro-4-ethoxypyrimido[5,4-c]-
quinoline (194b) (3%) which formed colourless needles, mp 128-129°C (from ethyl 
acetate), vmax  1697 (C=N) cm1, 8H  (CDCI3) 9.03 (1H, s, pyrimidineH), 8.98-8.93 
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(1H, m, ArH), 8.09-8.04 (1H, m, ArH), 7.93-7.85 (IH, m, ArH), 7.77-7.69 (IH, m, 
ArH), 4.71 (2H, q, J 7.1, CH2) and 1.58 (3H, t, J 7.1, CH3). 
Elution with ethyl acetate-methanol (9:1) gave a yellow solid, mp 255259°C, vmax 
3206 br and 3130 br (NH, OH), 1761 and 1746 (C=O) and 1622 (C=N) cm -1 , oH 
[(CD3)2S=0] 13.30 (1H, bs, NH, OH), 8.67 (IH, s, pyrimidineH), 8.59-8.54 (IH, m, 
ArH), 7.94-7.84 (2H, m, ArH), 7.67-7.60 (1H, m, ArH), 4.30 (2H, q, J 7.1, CH2) and 
1.31 (3H, t, J 7.1, CH3), 0ç [(CD3)2S=0] 166.5 (quat), 157.2 (quat), 156.0 (quat), 
152.2 (quat), 151.7 (quat), 151.3 (CH), 148.1 (quat), 133.5 (CH), 127.9 (CH), 126.0 
(CH), 124.1 (CH), 120.9 (quat), 101.6 (quat), 84.7 (quat), 60.4 (CH2) and 14.4 
(CH3) which on attempted purification by crystallisation from acetic acid was 
converted into 4-ethoxycarbonyl-5-hydroxypyrano[4, 3, 2-de]pyrimido[5,4-c]quinoline 
(271) (60%) as a yellow solid, mp 267-269°C (decomp with gas evolution), identical 
(mp, ir and I  H and 13C nmr spectra) with a sample prepared in (b) before. 
Acidification of the aqueous phase with 2M aqueous hydrochloric acid and collection 
of the precipitated solid afforded a second crop of 4-ethoxycarbonyl-5-
hydroxypyrano[4,3,2-de]pyrimido[5,4-c]quinoline (271) (23%) as a yellow solid, mp 
255-260°C (decomp with gas evolution), identified by comparison (mp and ir 
spectrum) with a sample prepared in (b) before. 
AttemDted Reduction Reactions of 4,5-Dichloropyrimido[5,4-c]ciuinoline (174) 
(a) A solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 1,4-
dioxane (20.Oml) was hydrogenated over 10% palladium-on-charcoal (0.050g) at 
room temperature and atmospheric pressure for I .5h. 
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The mixture was filtered through celite and the mother liquor was rotary evaporated 
to afford only the unreacted starting material (174) (0.509; 100%) as a yellow solid, 
mp 150-155°C, identified by comparison [mp, ir spectrum and tic in hexane-ethyl 
acetate (4:1) over silica] with a sample prepared before. 
A solution of the dichloro compound (174) (0.50g; 0.002mol) in anhydrous 1,4-
dioxane (40.Oml) was hydrogenated, using a Parr hydrogenation apparatus, over 
10% palladium-on-charcoal (0.050g) at room temperature and 4 atmospheres for 
4h. 
The mixture was filtered through celite and the mother liquor was rotary evaporated 
to afford only the unreacted starting material (174) (0.50g; 100%) as a yellow solid, 
mp 159-161°C, identified by comparison [mp, ir spectrum and tic in hexane-ethyl 
acetate (96:4) over silica] with a sample prepared before. 
A stirred solution of the dichloro compound (174) (1.25g; 0.005mol) in anhydrous 
1,4-dioxane (50.Oml) was treated dropwise at room temperature with a solution of 
sodium borohydride (0.95g; 0.025mol) in water (2.5m1) and the mixture was stirred 
at room temperature for 5h. 
The resulting gummy suspension was rotary evaporated and the residue treated 
with water (25.Oml). The insoluble yellow solid (1.4g) was collected and flash-
chromatographed over silica. 
Elution with dichloromethane-methanol (96:4) afforded 5-chloro4-oxo-1 ,2,3,4- 
tetrahydropyrimido[5,4-c]quinoline (275) (0.14; 12%) which formed colourless 
microcrystals, 	mp 265-267°C (decomp with gas evolution) (from 
dimethylformamide), vmax 3300-3000, 3266 and 3160 (NH) and 1658 (C=O) cm -1 , 
6H [(CD3)2S=O] 8.85 (IH, bs, NH) (exch), 8.17-8.12 (11-1, m, ArH), 8.06 (IH, bs, 
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NH) (exch), 7.82-7.70 (21-1, m, ArH), 7.60-7.51 (1H, m, ArH) and 4.64 (2H, dd, J 3.4 
and 2.6, CH2) (collapses to a singlet after D20-shake). 
Elution with dichloromethane-methanol (95:5) through to methanol gave only a 
series of intractable solids (total 0.94g) from which no identifiable material could be 
obtained. 
(d) A solution of the dichloro compound (174) (0.50g; 0.002mol) in tetrahydrofuran 
(10.Oml) was stirred under nitrogen and treated with zinc powder (0.14g; 0.0022mol) 
followed by glacial acetic acid (0.015ml). The resulting grey suspension was then 
stirred under nitrogen and heated under reflux for 0.5h. 
The inorganic material was removed by hot-filtration and the mother liquor rotary 
evaporated to afford only the unreacted starting material (174) (0.49g; 98%) as a 
yellow solid, mp 154-158°C, identified by comparison [mp, ir spectrum and tIc in 
hexane-ethyl acetate (9:1) over silica] with a sample prepared before. 
Methoxylation Reactions of 2,4,5-TrichloropyridoF3,2-clguinoline (191) 
(a) A suspension of the trichloropyridoquinoline derivative (191) (0.289; 0.001mol) in 
methanol (10.Oml) was stirred and heated under reflux with the exclusion of 
atmospheric moisture for 2h. 
The suspension was rotary evaporated and the solid residue (0.259) flash-
chromatographed over silica. 
Elution with hexane-dichloromethane (4:1) afforded a product tentatively formulated 
as 4,5-dichloro-2-methoxypyrido-[3,2-c]quinoline (276) (0.20g; 72%) which formed 
colourless needles, mp 146-147°C (from acetonitrile), 8H  (CDCI3) 8.86-8.81 (1H, m, 
447 
ArH), 7.84-7.69 (21-1, m, ArH), 7.57 (1H, s, pyridineH), 7.55-7.47 (1H, m, ArH) and 
4.19 (3H, 5, CH3). 
Further elution with dichloromethane gave unreacted trichloropyridoquinoline 
starting material (191) (0.023g; 8%) as a colourless solid, mp 141-143°C, identified 
by comparison [mp, ir spectrum and tic in hexane-dichloromethane (4:1) over silica] 
with a sample prepared before. 
(b) A stirred suspension of the trichloropyridoquinoline derivative (191) (0.57g; 
0.002moI) in methanol (20.Oml) was treated at 0-5°C (ice bath) with a solution of 
sodium (0.18g; 0.008g.atom) in methanol (20.Oml) and the resulting solution was 
then stirred and heated under reflux with the exclusion of atmospheric moisture for 
3h. 
The resulting suspension was rotary evaporated and the solid residue treated with 
water (10.Oml) and filtered to give a pale yellow solid (0.52g) which was flash-
chromatographed over silica. 
Elution with hexane-dichloromethane (4:1) afforded 4-chloro-2,5-dimethoxypyrido-
[3,2-c]quinoline or 5-chloro-2,4-dimethoxypyrido[3,2-c]quinoline (277) or (278) 
(0.23g; 42%) which formed colourless crystals, mp 162-163°C (from ethyl acetate), 
61i (CDCI3) 8.80-8.77 (1H, m, ArH), 7.81-7.78 (IH, m, ArH), 7.71-7.64 (IH, m, ArH), 
7.49-7.42 (IH, m, ArH), 7.02 (IH, s, pyridineH), 4.17 (31-1, s, CH3) and 4.15 (31-1, s, 
CH3) 
Elution with hexane-dichloromethane (4:1) afforded 5-chloro-2 ,4-dimethoxypyrido-
[3,2-c]quinoline or 4-chloro-2,5-dimethoxypyrido[3,2-c]quinoline (278) or (277) 
(0.12g; 22%) which formed colourless crystals, mp 169-170°C (from ethyl acetate), 
6H (COd3) 8.88-8.83 (IH, m, ArH), 7.83-7.79 (IH, m, ArH), 7.74-7.65 (IH, m, ArH), 
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7.53-7.44 (IH, m, ArH), 6.94 (1H, s, pyridineH), 4.18 (3H, s, CH3) and 4.06 (3H, s, 
CH3). 
Further elution with hexane-dichloromethane (1:1) afforded 2,4,5-trimethoxypyrido- 
[3,2-c]quinoline (279) (0.083g; 15%) which formed colourless crystals, mp 158- 
1590C (from ethyl acetate), oH  (CDCI3) 8.87-8.82 (11-1, m, ArH), 7.82-7.78 (IH, m, 
ArH), 7.70-7.61 (1H, m, ArH), 7.49-7.41 (IH, m, ArH), 6.37 (IH, s, pyridineH), 4.19 
(31-1, s, CH3), 4.17 (31-1, s, CH3) and 4.01 (3H, s, CH3). 
(C) Repetition of the reaction described in (b) before but for 21h gave a suspension 
which was rotary evaporated and the solid residue treated with water (10.Omi) and 
filtered to give a pale yellow solid (0.53g) which was flash-chromatographed over 
silica. 
Elution with hexarie-dichloromethane (3:1) afforded 4-chloro-2,5-dimethoxypyrido-
[3,2-c]quinoline or 5-chloro-2,4-dimethoxypyrido[3,2-c]quinoline (277) or (278) 
(0.11g; 20%) as a colourless solid, mp 165-167°C, identified by comparison [mp, ir 
spectrum and tic in hexane-ethyl acetate (4:1) over silica] with a sample prepared in 
(b) before. 
Elution with hexane-dichloromethane (1:1) afforded 2,4,5-trimethoxypyrido[3,2-
c]quinoline (279) (0.41g; 76%) as a colourless solid, mp 158-160°C, identified by 
comparison [mp, ir spectrum and tIc in hexane-ethyl acetate (4:1) over silica] with a 
sample prepared in (b) before. 
(d) Repetition of the reaction described in (b) before but using six equivalents of 
sodium methoxide and heating under reflux for 48h, gave a suspension which was 
rotary evaporated and the solid residue treated with water (10.Oml) and filtered to 
afford 2,4,5-trimethoxypyrido[3,2-c]quinoline (279) (0.53g; 98%) as a pale yellow 
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solid, mp 156-159°C, identified by comparison [mp, ir spectrum and tic in hexane-
ethyl acetate (4:1) over silica] with a sample prepared in (b) before. 
Reactions of 2.4,5-Trichloropyridof3,2-clquinoline (191) with Amino Comoounds 
A suspension of the trichloropyridoquinoline derivative (191) (0.57g; 0.002mol) in 
liquid ammonia (10.Oml) was stirred at room temperature with the exclusion of 
atmospheric moisture for 17h during which time the ammonia was allowed to 
evaporate. 
The solid residue was treated with water and filtered to give only the unreacted 
trichloropyridoquinoline starting material (191) (0.54g; 95%) as a yellow solid, mp 
140-143°C, identified by comparison [mp, ir spectrum and tIc in hexane-
dichloromethane (1:1) over silica] with a sample prepared before. 
Ammonia gas was passed continuously in a slow stream through a solution of 
the trichloropyridoquinoline derivative (191) (0.57g; 0.002mol) in anhydrous 1,4-
dioxane (20.Oml) which was stirred at 70°C with the exclusion of atmospheric 
moisture for 16h. 
The mixture was rotary evaporated and the solid residue treated with water (10.Oml) 
and filtered to give a yellow solid (0.54g) which was flash-chromatographed over 
silica. 
Elution hexane-dichloromethane (1:1) gave unreacted trichioropyridoquinoline 
starting material (191) (0.13g; 23%) as a colourless solid, mp 139-142°C, identified 
by comparison [mp, ir spectrum and tic in hexane-dichloromethane (1:1) over silica] 
with a sample prepared before. 
Further elution with dichloromethane afforded a product tentatively formulated as 2- 
amino-4,5-dichloropyrido[3,2-c]-quinoline (280) (0.34g; 64%) which formed 
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colourless microcrystals, mp 197-224°C (partly melted and partly resolidified) then 
229°C (from toluene), vmax  3479, 3362 and 3303 (NH2) and 1625 (C=N) cm1, 8H 
(CDCI3) 8.96-8.91 (IH, m, ArH), 7.98-7.92 (IH, m, ArH), 7.82-7.56 (2H, m, ArH), 
6.73 (IH, s, pyridineH) and 6.21 (2H, bs, NH2) (exch). 
(C) A stirred solution of the trichioropyridoquinoline derivative (191) (0.57g; 
0.002mol) in anhydrous 1,2-dimethoxyethane (15.OmI) was treated with a solution of 
40% w/v aqueous dimethylamine solution (1.4g; 0.012mol dimethylamine) in 1,2-
dimethoxyethane (5.Oml). The resulting suspension was stirred and heated at 50°C 
(oil bath) for 4h then retreated with further 40% w/v aqueous dimethylamine solution 
(1.4g; 0.012mol dimethylamine) and the mixture stirred at 50°C for a further 16h. 
The resulting emulsion was rotary evaporated, the residue treated with 10% w/v 
aqueous sodium hydrogen carbonate solution (5.Oml) and the mixture extracted with 
dichloromethane (3x5.Oml) to give a cream solid (0.53g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (95:5) afforded 4-chloro-2 , 5-bis(N, N-dimethyl- 
amino)pyrido[3,2-c]quinoline (281) (0.18g; 30%) which formed colourless cubes, mp 
205-206°C (from ethyl acetate), oH  (CDCI3) 8.74-8.69 (1 H, m, ArH), 7.75-7.71 (1 H, 
m, ArH), 7.62-7.54 (11-1, m, ArH), 7.34-7.29 (11-1, m, ArH), 6.75 (IH, s, pyridineH), 
3.27 (6H, s, CH3) and 3.01 (6H, s, CH3), whose structure was confirmed by X-ray 
analysis (see Figure 23 and Tables 23 and 24, p  372). 
Elution with hexane-ethyl acetate (9:1) afforded 5-chloro-2,4-bis(N,N-dimethyl- 
amino)pyrido[3,2-c]quinoline (282) (0.30g; 51%) which formed colourless tablets, mp 
158-160°C (from ethyl acetate), 8H  (CDCI3) 8.83-8.78 (IH, m, ArH), 7.92-7.87 (IH, 
m, ArH), 7.70-7.62 (IH, m, ArH), 7.56-7.48 (IH, m, ArH), 6.11 (11-1, s, pyridineH), 
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3.29 (6H, s, CH3) and 2.94 (6H, S, CH3), whose structure was confirmed by X-ray 
analysis (see Figure 24 and Tables 25 and 26, p  375). 
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Table 27: Elemental Analyses and Mass Spectroscopic Data 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(192) (C11H6C1N30) 57.2 2.6 18.2 (234) and (232) 57.0 2.6 18.1 231.5 
(193a) (C13H11N302) 64.6 4.4 17.3 241 64.7 4.6 17.4 241 
(193b) (C15H15N302) 67.2 5.5 15.6 269 66.9 5.6 15.6 269 
(193c)(C17H19N302) 68.5 6.5 j 	14.1 (298) 68.7 6.4 14.1 297 
(193d) (C19H23N302) 70.1 7.3 12.9 325 70.1 7.1 12.9 325 
(194a) (C12H8C1N30) 58.0 3.3 17.0 247.0323 and 
245.0357 
58.7 3.3 17.1 247.0326 and 
 245.0356 
(194b) (C13H10C1N30) 59.6 3.9 15.9 (262.0554) and 60.1 3.9 16.2 (262.0561) and
(260.0591) 
(194d) (C15H14C1N30) 62.9 5.0 14.7 289 and 287 62.6 5.3 14.6 287.5 
(195b) (C13H11N302) 64.3 4.6 17.2 241.0854 64.7 4.6 17.4 241.0851 
(196) (C17H10C1N30) 66.1 3.2 13.7 (310) and (308) 66.4 3.3 13.7 307.5 
(201) (C14H13N303) 62.0 4.7 15.5 (272) 62.0 4.8 15.5 271 
(202) or (203) (C13H9N302) 64.8 3.8 17.3 478.1403 65.3 3.8 17.6 478.1390 
(205) (C17H10C1N302) 62.6 3.1 13.1 325.0432 and 
323.0466 
63.1 3.1 13.0 325.0423 and 
 323.0462 
(C17H9N302) 70.8 3.1 14.5 (288) 71.1 3.2 14.6 287 
(C17H11N303) - - - (306.0891) - - - (306.0879) 
(208a) (C11H7C1N4) 57.4 3.1 24.2 (233) and (231) 57.3 3.1 24.3 230.5 
(208b) (C18H13C1N4) 67.1 4.0 17.4 (323) and (321) 67.4 4.1 17.5 320.5 
(208c) (C15H13C1N402) 56.6 4.0 17.6 318 and316 56.9 4.1 17.7 316.5 
(208d) (C17H11C1N4) 66.3 3.6 18.2 308 and 306 66.6 1 3.6 18.3 306.5 
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Table 27: Elemental Analyses and Mass Spectroscopic Data (cont.) 
Compound   Found   Rec uired 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(208e) (C13H11C1N4) 60.1 4.2 21.4 260 and 258 60.4 4.3 21.7 258.5 
(2080 (C19H15C1N4) 68.1 4.5 16.7 336 and 334 68.2 4.5 16.7 334.5 
(208g) (C14H10C1N5) 59.2 3.7 24.6 285 and 283 59.3 3.6 24.7 283.5 
(208h) (C16H15C1N4) 64.2 4.9 18.7 300 and 298 64.3 5.1 18.8 298.5 
(209b) (C25H21N5) 75.9 5.4 17.7 (392.1868) 76.7 5.4 17.9 (392.1875) 
(209d) (C23H17N5) 75.5 4.7 19.6 363 76.0 4.7 19.3 363 
(209h) (C21 H25N5) 72.4 7.4 20.2 347 72.6 7.3 20.2 347 
(210) (C11H8N40.1/2H20) 61.1 4.0 25.4 212.0698 59.7 4.1 25.3 212.0698 
(211) (C12H10N40) 63.3 4.4 24.5 226.0857 63.7 4.6 24.8 226.0855 
(212) (C18H15N5) 71.4 5.0 23.2 (302) 71.7 5.0 23.2 301 
(214) (C22H12N8) 65.3 3.3 27.4 388.1170 65.5 3.5 27.6 388.1185 
(217) (C18H11N50) 68.8 3.5 22.2 (314) 69.0 3.5 22.4 313 
(222) (C22H12C12N8) - - - 462.0460, 460.0530 
and 458.0553 
- - - 462.0503, 460.0533 
 and 458.0562 
(C11H11N7) 54.8 4.6 40.1 241.1074 54.8 4.6 40.7 241.1076 
(C11H8CIN5) 54.2 3.3 28.4 (248) and (246) 53.8 3.3 28.5 245.5 
(226) (C11H10N6) 58.3 4.5 36.5 226.0967 58.4 4.5 37.2 226.0967 
(228b) (C13H9N5) 65.9 3.9 29.6 (236) 66.4 3.9 29.8 235 
(228c)(C13H9N5S) 58.7 3.2 26.4 (268) 58.4 3.4 26.2 267 
(228d)(C12H8N6.112H20) 58.9 3.6 34.3 236.0817 58.8 3.7 34.3 236.0810 
(230) (C15H10C1N50) 57.5 3.3 22.3 (314) and (312) 57.8 3.2 22.5 311.5 
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Table 27: Elemental Analyses and Mass Spectroscopic Data (cont.) 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(231) (C15H9N50) 65.8 3.3 24.9 275.0798 66.5 3.3 25.5 275.0807 
(232) (C15H10C1N50) 57.6 3.2 22.3 (314) and (312) 57.8 3.2 22.5 311.5 
(C14H7N5S) 60.4 2.6 25.1 (278) 60.6 2.5 25.3 277 
(C18H9N5S) 65.7 2.7 21.4 (328) 66.0 2.8 21.4 327 
(C13H7N7) 59.7 2.8 37.0 (262) 59.8 2.7 37.5 261 
(C19H11N7) 67.0 3.4 28.4 (338.1151) 67.6 3.3 29.1 (338.1154) 
(241) (C12H6N8) - - - (263.0792) - - - (268.0794) 
(242) and/or (243) (C1 2H6N8) - - - (263.0782) - - - (263.0794) 
(244) (C16H10C1N5.H20) 59.0 3.7 21.8 (272)[M-HCl)] 59.0 3.7 21.5 307.5 
(C16H9N5) 70.3 3.4 25.7 (272) 70.8 3.3 25.8 271 
(C16H10N6) 59.3 4.2 25.8 286.0963 59.6 4.3 26.1 286.0967 
(C16H11C1N6) 59.5 3.5 25.8 324 and 322 59.5 3.4 26.0 322.5 
and (249) (C16H10N6.1/2H20) 65.7 3.5 28.6 286.0962 65.1 3.7 28.5 286.0967 
(250) (C15H8N6.1/2H20) 64.3 3.0 29.8 272.0818 64.1 3.2 29.9 272.0810 
(C13H11C1N40) 56.7 4.2 20.3 276 and 274 56.8 4.0 20.5 274.5 
(C26H20N802) 64.8 4.2 23.2 476.1710 65.5 4.2 23.5 476.1709 
(C13H12N402) - - - (257.1049) - - - (257.1039) 
(C17H11N5) 71.1 3.9 24.2 285.1013 71.6 3.9 24.6 285.1015 
(C21H15N502) 68.2 4.1 19.0 (370) 68.3 4.1 19.0 369 
(C17H12N402) 67.3 4.2 18.4 (305) 67.1 4.0 18.4 304 
(C17H10N4S) 67.0 3.4 	1 18.4 (303) 67.5 3.3 18.5 302 
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Table 27: Elemental Analyses and MassSpectroscopic Data (cont.) 
Compound   Found   Required 
C% H% N% M, (M+H) 	a C% H% N% M, (M+H) a 
(261) (C171-111N303S.1-120) 57.3 3.4 12.1 (338) 57.4 3.7 11.8 337 
(263) or (264) (C12H8N5.1/2H20) 55.3 2.9 26.6 (254.0493) 55.0 3.1 26.7 (254.0500) 
(266) (C11H7N7) 55.9 3.0 41.3 237 55.7 3.0 41.3 237 
(267) (C151-118N503P) 51.8 5.0 20.0 347 51.9 5.2 20.2 347 
(268) (C16H11N302) 69.0 4.0 15.2 (278) 69.3 4.0 15.2 277 
(269) (C171-114C1N303) 59.5 3.9 12.3 (346) and (344) 59.4 4.1 12.3 343.5 
(270) (C181-117N305) 60.5 4.8 12.0 (356) 60.8 4.8 11.8 355 
(271) (C16H11N304) 62.6 3.7 13.7 (310) 62.1 3.6 13.6 309 
(275) (C111-18C1N30) 56.8 3.6 18.1 (236) and (234) 56.5 3.5 18.0 233.5 
(276) (C13H8C12N20) 55.9 2.8 10.0 284, 282 and 280 55.9 2.9 10.0 279 
(277) or (278) (C141-111C1N202) 61.1 3.9 10.1 (277) and (275) 61.2 4.0 10.2 274.5 
(C15H14N203) 66.6 5.1 10.3 (271) 66.7 5.2 10.3 270 
(C12H7C12N3) 54.5 2.9 15.8 (268), (266) and 54.6 
 (264)  
2.7 15.9 264 
(C161-117C1N4) 64.0 5.6 18.6 (303) and (301) 63.9 -1 5.7 18.6 300.5 
(C161-117C1N4) 	. - 63.8 
M_
5.7_-_18.6 - (303) and (301) 63.9 5.7 18.6 300.5 
a, mouecuiar ions aetectea D iectron Impact ass Spectroscopy or, for values in parentheses, molecular ions detected either 
by Fast Atom Bombardment or Atmospheric Pressure Chemical lonisation or Electrospry Mass Spectroscopy. 
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